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BASIC HEMODYNAMIC PRINCIPLES 
ESSENTIAL TO INTERPRETATION OF 
CARDIO\^ASCULAR DISORDERS* 

The Ludwig Kast Lecture 
Carl J. M’iggers 

Professor of Physiology and Director, Dept, of Physiology 
Western Reserve University Medical School 


p,5asE5ESE5S5H.aR^HAM LusK^ related that when the founding of the Har- 
H vey Societ)’’ was first proposed, Samuel J. Meltzer ex- 
S pressed grave doubts whether New York physicians 
3 could be conditioned to attend scientific lectures. “New 
SsSHStiSHSSEEsS York,” he said, “is a city devoid of scientific interest. 
The Academy of Medicine is not a scientific body and has no interest 
in scientific medicine.” The growing popularity of the annual Graduate 
Fortnight, sponsored by your Academy, certainly attests that this has 
not been true for some time. Their inauguration was, I understand, due 
chiefly to the foresight and enthusiasm of Dr. Ludwig Kast, in whose 
honor and memory these lectures arc given. I feel significantly honored 
bv the privilege of delivering such a lecture this evening. 

Among the books M'hich I treasure is one purchased at the very 
beginning of my medical career (1904). It is by Theodore C. Janeway, 
and its full title reads, “The Clinical Study of Blood Pressure— A Guide 


Delivered October 13. 3941 nt the Graduate Fortnight of The Xen- Yorl: Academy of Medicine. 
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to the Sphygmomanometer in Medical, Surgical and Obstetrical Prac- 
tice, with a Summary of Experimental and Clinical Facts Relating to 
Blood Pressure in Health and Disease.” Janeway reviewed the salient 
facts of hemodynamics as they were known in that day and upon them 
built interpretations of blood pressure readings in clinical practice. Only 
a Janeway could have produced so outstanding a monograph. Its in- 
fluence in establishing routine blood pressure determinations in the prac- 
tice of medicine and in our progressive advance in the interpretation of 
hypo- and hypertension is immeasurable. 

During the thirty-seven years that have elapsed, significant contribu- 
tions of a fundamental nature have been made in our understanding of 
dynamic aspects of blood pressure and its physiological control. How- 
ever, a f air ly large experience in reading and evaluating publications 
dealing with the heart and circulation has convinced me that physicians, 
clinicians, and experimenters, otherwise distinguished, frequently neglect 
these fundamental principles of hemodynamics in drawing conclusions, 
while comparatively few utilize the possibilities of interpretation opened 
by newer discoveries. Consequently I feel that the time has arrived when 
we should close our eyes and reflect upon the value of what we have 
seen, done and heard. If my re-analysis of hemodynamic fundamentals 
seems too elementary to some, or gratuitous to others, I beg their 
indulgence. 

The Pulse Pressure and Pressure Pulse. During each ventricular 
systole a definite quantity of blood is ejected into the aorta. It is called 
the pulse volume, stroke volume or systolic discharge. In man, it aver- 
ages about 62 cc. The interval of ejection is very short; about 0.25 
second in man and less in lower animals. Moreover, the output is by no 
means constant during this period. Fully two-thirds of the total systolic 
discharge imlume is displaced into the aorta in less than o.i second and 
very little is ejected during the last 0.05 second. Since the arteries are 
already fairly distended with blood at the moment when ejection be- 
gins additional room must be made quickly. This is accomplished partly 
by moving the column of blood onward (kinetic energy of flow), 
partly by distending the arterial walls and increasing the capacity of the 
arteries, i.e., it is stored as potential pressure energy. 

The pressure changes thus created in the aorta can be recorded ac- 
curately in anesthetized animals by inserting a calibrated optical mano- 
meter through one of its branches. A typical curve is shown in Figure i. 
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Fig. 1 


For about 0.04 second after the onset of ejection (a-b), a great forward 
movement of blood together with a steep increase in pressure occurs. 
During the ne.\t 0.04 or 0.05 second (b-c), the pressure mounts with 
a slower gradient to a summit, but the velocity of flow decreases. During 
the remainder of systole (c-d), both pressure and flow gradually de- 
crease together. The time of closure of the semilunar valves, demarcat- 
ing the beginning of diastole, is accomanied by a sharp drop in pressure, 
the incisura (e). The pressure energ)’- available at this moment is the 
effective force which gradually moves blood stored in the distended 
arteries through the arterioles into the capillaries during diastole. As 
conversion of pressure energ}'^ to flow occurs, the pressure cun^e slowly 
declines during diastole (e, f). Obviously, the conversion of potential 
energy stored during systole into kinetic energ)^ of flow during diastole 
insures a reasonably continued flow through the capillaries where the 
interchange of foodstuffs, salts, water and gases goes on. Such pressure 
cun^es reveal also that the pressure in the aortic arch reaches a maximum 
during midsystole and a minimum at the end of diastole. These are re- 
ferred to as systolic and diastolic pressures, respectively, and the nu- 
merical difference is called the pulse pressure. 

The pressure values in mm. Hg at these movievts of the cardiac 
cycle are the ones measured by sphygmomanometric methods in man 
and unanesthetized animals. Obviously, they give no information of the 
pressure changes between the points. The fact that arterial pressure read- 
ings taken by indirect methods only give information regarding pres- 
sures at two moments of the cardiac cvcle must always be kept in mind 
in interpretations of clinical blood pressure readings. 

The entire course of the pressure changes illustrated in Figure i 
and known as the pressure pulses can be ascertained in unanesthetized 
animals and man bv two procedures: 
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Fig. 2 


1. They may be recorded by hypodermic optical manometers of the 
Hamilton or Gregg patterns. Unfortunately, hypodermic puncture of 
the subclavian artery is regarded as too hazardous; hence the cubital 
or radial arteries are more commonly used. Unfortunately, however, 
the form of the pressure pulse undergoes significant changes by the time 
it reaches the cubital artery. Their nature and causes cannot be consid- 
ered tonight (cf. Wiggers-). For these reasons, the use of an otherwise 
admirable method is restricted to particular circumstances under which 
puncture of the subclavian artery seems warranted. 

2. A simpler and harmless procedure, sufficiently accurate for most 
dynamic studies has been used by the author on patients.® A cup is firmly 
pressed into the supraclavicular fossa of a patient in the sitting posture 
and a subclavian pulse recorded optically by a Frank segment capsule. 
Such a record gives the form but not the ordinate values of the pressure 
pulse. The latter can be supplied by determining systolic, diastolic and 
brachial pressures in the usual manner and placing them at the crest 
and trough points indicated in Figure i. The intervening vertical dis- 
tance can, if desired, be subdivided proportionally and the pressure value 
at any moment of the cycle thus established, much as in direct registra- 
tion of pressures from the aorta in anesthetized animals by optical mano- 
meters. 

The importance of a knowledge of the contour as well as the maxi- 
mal and minimal values of pressure pulses in a number of common 
clinical diseases is illustrated by cunms of Figure 2. Lesions of the aortic 
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valves produce particularly distinguishing features in the central arterial 
pulses. The pulse of aortic stenosis is characterized by a short sharp rise 
terminating in an anacrotic A'-shaped notch or incisura. The greater the 
stenosis, the lower this notch. Following this, the pressure rises slowly 
to a maximum at the very end of systole; in other words, the pressure 
read as systolic is not that near midsystole as in normal states, but at the 
end of systole. Moreover, irregular vibrations are superimposed upon 
the basic form of the curve, thus furnishing a graphic inscription of the 
systolic murmur. 

Analysis of aortic pressure pulses from experimental animals suggests 
that the central pulse contours in man can probably give information 
regarding the magnitude of aortic regurgitation. With large aortic valve 
leakage, the cun^es rise smartly to a rounded summit and decline appre- 
ciably during the latter part of systole. This is the systolic collapse which 
is interrupted by the deep incisura which follows immediately. The 
latter, continued during the early moments of isometric relaxation, con- 
stitutes the early diastolic collapse. During the remainder of diastole, 
pressure declines little, if at all. With smaller leakage of the aortic valves, 
the contour of the systolic portion is, on the contrary, not significantly 
altered. The early diastolic collapse is also not great, but the chief drop 
occurs during the latter portion of diastole. (For further discussion, cf. 
■\Viggcrs.=) 

During conditions in which the arterial system is not well filled, 
such as shock, hemorrhage, hyperthermia, the pressure curve rises to 
a shaqj preliminary peak after which a lower and somewhat broader 
systolic summit is reached. Indeed, the question arises which of these 
peaks represents systolic pressure. This is of some importance since the 
differences may be as great as 50 mm. Since the first peak is due to a 
momentar}’ overshooting in the lax arterial system, the mids}’’stolic peak 
is the more reasonable index of systolic pressure, but auscultator)'^ sphyg- 
momanometer readings probably correspond to the former. The prac- 
tical import of such discrepancies is that the systolic pressure of patients 
after hemorrhage or during shock appears higher than it actually is, 
therefore giving the false impression of a favorable prognosis. I have 
a suspicion that many clinical reports that systolic pressure can be 
high when a patient is in a serious state are due to too complete reliance 
on auscultator)’^ readings, and an insufficient regard to the fact that the 
midsx'stolic pressure may be much lower, as shown in pressure pulses. 
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Factors affecting systolic and diastolic pressure. Since arterial pres- 
sures are determined by the degree to which the arterial walls are dis- 
tended and placed under tension, any factor that increases the volume 
of blood blithe arterial tree increases pressures; and, vice versa, any in- 
fluence that diminishes the arterial volume, reduces pressures. This is so 
fundamental that it might be called the first law of hemodynamics. The 
primary variables affecting such arterial distension are the systolic dis- 
charge, the heart rate, and the peripheral resistance which is determined 
chiefly, but not wholly, by arteriolar constriction. However, increase in 
these three variables does not elevate systolic and diastolic pressures 
equally. Measurements of systolic and diastolic pressures, therefore, be- 
come most significant when their relative changes or the pulse pressure are 
evaluated. The effect of each influence acting separately has been pre- 
dicted by mathematical considerations and theoretical analyses, talcing 
into account the volume elasticity curves of the normal aorta. Thus, if 
the distensibility of the aorta be expressed as ‘’V dv and the volume of the 
aorta as V, then as long as “^Vdv. V remains constant, the pulse pressure 
(dp) increases or decreases when either the systolic discharge (dv) or 
the capacity of the aorta (V) alters. When ^Vav. V is not constant, 
changes in pulse pressure are not easily predictable, but must be deter- 
mined experimentally, with the aid of artificial models or animals. There 
is another reason why experimental studies are required to check math- 
ematical predictions. The latter are generally based on the assumption 
that the volume of the aorta changes instantly at the beginning of sys- 
tole and after closure of the semilunar valves. This does not occur in the 
body, as we have seen. However, on the whole, the results of experi- 
ments can be harmonized with theoretical considerations. 

It can be shown by use of artificial circulation machines of proper 
design (cf. Wiggers^’^): i, that increasing the systolic discharge ele- 
vates systolic pressure more than diastolic, the pulse pressure being 
greater; 2, that acceleration of the heart raises diastolic pressure more 
than systolic, the pulse pressure being smaller; and 5, that augmenting 
the peripheral arteriolar resistance elevates diastolic pressure more than 
systolic, the pulse pressure decreasing. 

The last of these dynamic postulates is apparently in conflict with 
the bulk of clinical observations on hypertension. As is well established, 
hypertension is also due predominately to an increase in peripheral re- 
sistance but almost invariably systolic pressure is increased more than 
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dinstolic and tlic pulse pressure is larger. Even in so-called “high dias- 
tolic types” of hypertension the pulse pressure is never smaller than 
normal. In other words, hypertension is not wholly defined in a dy- 
namic sense as an elevation of blood pressures, but as a disproportion- 
ately greater rise of systolic compared to diastolic pressure. As shown 
in Figure 2, the contour of the pressure fluctuations also deviates from 
the normal; the pressure rises abruptly during systole to a high level 
and the diastolic limb shows a rapid decline. Indeed, these features may 
be so pronounced that the pressure pulses somewhat resemble those of 
aortic insufficiency; the difl’crence.s, of course, being that diastolic pres- 
sure is elevated in the former and depressed in the latter (Fig. 2). 

The paradox that in dynamic models of the circulation an incrca.se in 
])criphcral resistance reduces pulse pressure, whereas in clinical and 
experimental hypertension a similar increase in resistance augments the 
pulse prc.ssurc has interested me for a number of ycars^»''' and led to 
considerable experimental work as well as recordings on patients in ef- 
forts to clarify the situation. 

Evidence summarized elsewhere'’ led to the conclusion that the larger 
pulse pressure in hypertension can only be explained by a concurrent 
decrease in the elasticity of the aorta. This fits with studies on a physi- 
cal circulation model, for if, in addition to an increase in peripheral re- 
si.stancc, the aortic elasticity is reduced, systolic pressure rises still more 
while diastolic pressure decreases. This means, for example, that aortic 
sclerosis is unfavorable in increasing systolic, but favorable in reducing 
diastolic pressure. The pulse pressure obviously increases greatly and a 
condition of so-called “systolic hypertension” is created. Two impor- 
tant corollaries follow: /, Aortic sclerosis or any other factor which 
reduces aortic distensibility accentuates the elevation of sy.stolic pressure 
bur tends to reduce diastolic pressure. 2 , An essentially normal diastolic 
pressure in hypertension is not necessarily a favorable sign which indi- 
cates tliat peripheral resi.stance is normal. More often it denotes exten- 
sion of a process to the larger arteries and particularly the aorta. 

Nature seems to liave provided a mechanism by which the dynamic 
effects of diminishimr aortic distensibility, such as occur with advancino- 
age. IS at Ica.st partly compcn.satcd by an increase in the size or capacity 
of the aorta. Such an increase in size has the same effect on systolic and 
diastolic prc.ssurcs as a decrease in systolic discharge would have with 
rhe diastolic size ol the aorta unchanged. Either, if superimposed on a 




primary vasoconstriction, tends to reduce the systolic pressure more than 
the diastolic. 

There would seem to be no question but that arteriosclerotic changes 
discovered in the aorta at autopsy contribute to the high systolic pres- 
sures and account for the large pulse pressure in some cases of hyperten- 
sion. But the aortic changes need not necessarily be due to visible mor- 
phological changes; they may not even be detectable in comparative 
determinations of volume elasticity coefficients of aortic cylinders or 
rings obtained at autopsy. On the contrary, there is increasing experi- 
mental evidence that aortic elasticity and capacity can change func- 
tionally. On the basis of studies on pulse velocities in central vessels, 
Boger and Wezler® believed they had shown that aortic elasticity is 
greatly reduced, particularly in the so-called “red hypertension” of Ger- 
man clinicians. Personally, I have not been convinced that changes in 
pulse velocity are sufficiently accurate to allow such deductions.^’ “ But 
in experiments on normal dogs, Wegria and F were able to show that in 
acute hypertension initiated primarily by nervous and hormonal actions 
on peripheral arterioles, the initial passive expansion of the aorta is fol- 
lowed by an active diminution in size and, after a further latency, its 
elasticity is increased. In such experiments the effects of decreased size 
of the aorta overbalanced the opposing effects of an increased elasticity 
in raising systolic pressure. While we have no reason to conclude that 
these or similar conditions necessarily occur in clinical or experimental 
hypertension, they do stress the importance of functional changes in 
aortic capacity and elasticity as factors which determine the height to 
which systolic pressure rises. 

To summarize, clinical and experimental hypertension is initiated by 
an increase in peripheral arteriolar resistance, but intensified as far as 
systolic pressure is concerned by functional or morphological changes 
in aortic capacity and/or elasticity. The cardiac output is only rarely 
increased, e.g., in cases of hypervolemia and thyrotoxicosis. 

This aspect of hypertension complicates the interpretation of thera- 
peutic claims made for agents which reduce blood pressure. The mere 
demonstration that a substance is capable of lowering systolic pressure 
is not tantamount to proof that this has been accomplished through 
abolition of the arteriolar constriction which initiated the high pressure. 
It has long been obvious that the high arterial pressure of hypertension 
can be reduced by drugs which cause an extreme slowing or depression 
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of the heart, a procedure which must be condemned as harmful as far 
as maintenance of a circulatory balance and adequate blood flow through 
tissues is concerned. That pressure reducing agents may also act on 
the aorta must at least be considered a possibility in view of newer 
evidence. If, by any chance, they should act by causing an extreme 
dilatation of the aorta, the value of such reduction of hypertension might 
be highly questionable. In short, it is not sufficient to establish thera- 
peutically that drugs and various preparations reduce hypertension; it 
is even more important to know how they act. This would appear to be 
the next important step in the field of experimental work on hyper- 
' tension. 

Mean pressure. In experimental work, the lateral mean pressure in 
the aorta is commonly recorded by measuring the end-pressure in one 
of its accessible branches (e.g., carotid or femoral artery). This must be 
done by a properly damped Hg manometer, i.e., one in which the cardiac 
oscillations are barely discernible. Registration of wide fluctuations, as 
is still too common a practice among experimenters, renders readings 
of mean pressure inexact. The low period of Hg manometers prevents 
their recording either the systolic or diastolic pressure with exactness. 
The magnitude of error varies extremely under different conditions and 
the error may be opposite in direction at various times. For example, at 
very slow heart rates the momentum of the mercury column causes it 
to overshoot both during its ascent and descent, with the result that 
systolic pressure is recorded too high and diastolic pressure too low; on 
the contrary, at very rapid heart rates, the inertia of the mercury pre- 
vents full systolic and diastolic pressure from being reached, with the 
consequence that systolic pressures are recorded too low and diastolic 
pressures too high. All of these facts have been well-known since the 
introduction of the recording mercury manometer by Ludwig; but they 
seem to have escaped many experimenters who continue to speak of 
systolic pressure and pulse pressure thus recorded; hence this reiteration. 

The mean pressure represents the average pressure during a succes- 
sion of cardiac cycles and gives less explicit information than systolic 
and diastolic pressures. Owing to the form of the pressure pulse, it is 
never a mathematical average of systolic and diastolic pressures. As a 
matter of fact, a mean pressure is non-existent; but is a convenient ficti- 
tious value which has proved useful in hemodynamic considerations. 
Thus, It IS commonly stated that as long as minute output of the heart 





Fig. 3 


does not change, any elevation of mean pressure denotes an increase, 
and a fall of mean pressure, a decrease in total resistance to runoff from 
the aorta, for changes in aortic elasticity do not affect the mean pres- 
sure. This resistance is due chiefly to friction in the various arterioles, 
capillaries and venules and to the additional resistance offered by venous 
pressures and viscosity of blood. As all students of hemodynamics are 
aM^are, the total peripheral resistance cannot be treated by regarding the 
circulation as having one resistance only. As shown in Fig. 3, it is com- 
posed rather of a series of parallel resistances, and, as in similar parallel 
resistances of an electric circuit, the total resistance is calculated as 
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1/R = l/r’ 4' 1/t- -j- l/r* ~|- l/r< l/rll. 

A calculation of such a total resistance can be made in absolute units 
or it can be expressed as arbitrary units provided we know the mean 

pressure and rate of runoff, e.sf., resistance . Since all of the 

^ ^ rate of flow 

blood ejected from the left ventricle during systole must leave the ar- 
terial system when mean pressure has reached an equilibrium, we can 
use cardiac output per minute or per second in such equations, as an 
index of rate of flow. 

In this way, Frank, Boger and Wezler and others have used the 
formula Pm x 133a dynes, sec. 


R=- 


(absolute units), 


V t cm.® 

Pm denotes mean pressure in mm. Hg, 1332 represents a conversion fac- 
tor to absolute units, and Vt represents the output per second. Resist- 
ances so measured range from 539 to 1150 absolute units in man, 2060 — 
9080 A.U. in dogs and from 11,620 to 12,590 A.U. in rabbits. In other 
words, as might be expected with approximately equal mean pressures, 
the actual resistance varies inversely with the size of the animal, e.g., it 
is n-13 times as great in rabbits as in man. For this reason, Bazett and 
associates® found it advisable to introduce a factor for body size or sur- 

PAl 


face area and suggested the arbitrary formula R: 




Vt/A’ 


in which A 


represents surface area, and Vt/A, the cardiac output index of Groll- 
man. The factor “3” was arbitrarily introduced so that normal values 
in man would conveniently range around 100 (variations 79-138). 

The use of such calculations may however contain a trap; if so, I 
have unwittingly fallen into it with other investigators in calculating 
peripheral resistance in patients with hypertension.^ Preliminary experi- 
ments on dogs reported in association with Dingle, Kent and Williams® 
showed that when mean arterial pressure was increased to equal levels 
by reflex action, adrenalin, pituitrin, mechanical clamping of vessels, etc., 
the absolute resistances calculated from simultaneous records of cardiac 
output (oncometer) and mean pressure did not show the correspon- 
dence anticipated. Since Wegria and I had shotvn that such a rise in 
pressure is accompanied by a decrease in the capacity of the aorta, we 

suggested that this may be a factor which vitiates such calculations of 
total resistance. 

If the magnitude of change in total peripheral resistance cannot be 
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evaluated quantitatively by such methods, there is still less chance that 
it can be inferred from variations in mean pressure, as is frequently done. 
Such inferences contain several sources of error. In the first place, any 
tyro in hemodynamics realizes that mean pressure cannot be used as an 
index of vasomotor power or peripheral resistance when the output of 
the heart changes simultaneously. However, the possibility of such 
changes in cardiac output are too often ignored, or it is assumed that 
they do not exist. The latter is a fallacy, for extensive observations on 
cardiac output by cardiometric registration has convinced me that 
pressor nerves or drugs which have no direct action on the heart gen- 
erally do alter venous return and, secondarily, the cardiac output, in 
accordance with Starling’s law. The sad fact remains that despite such 
knowledge, our best journals abound in reports, dealing with hyperten- 
sion, shock and hemorrhage, localization and vitality of vasomotor cen- 
ters, assay of drugs and hormones, etc., in which changes in mean pres- 
sure are used as a quantitative index of vasomotor power without con- 
trols of cardiac output. 

However, assuming that reasonable proof is obtainable that changes 
in cardiac output are not significant, a second problem arises: Does the 
absolute or percentile change in mean pressure offer the better quanti- 
tative criterion of vasomotor power? In analyzing the observations that 
stimulation of pressor nerves generally causes less rise of pressure when 
the initial pressure is low than it does when it is normal. Porter^® in 
1907 offered the following analogy: “An unfaithful trustee robs two 
women. One of these has $40,000, the other $20,000; from each he took 
$10,000. Their absolute loss is the same, but one woman can still live on 
her income, while the other must work or beg.” To this, Sollmann and 
Pilcher^^ retorted, “With the same absolute loss, the percentile loss of 
the two women is different, it is true; but the percentile gain of the 
trustee is the same in both cases. A priori, it is not clear whether the 
blood pressure is playing the role of the trustee or of the women. The 
questions thus started have never been settled. Our own efforts to do 
so failed when no consistent changes in calculated absolute resistances 
could be obtained. It remains for some genius in circulatoiy dynamics 
to find a way out of the present impasse. Attempts at statistical treat- 
ment, such as have been made, are, of course, no better than the value 
of the original data utilized. Finally, no one has even suggested a hemo- 
dynamic basis upon which absolute or percentile changes m systolic 
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pressure could serve as ’ an index of vasomotor po\ver. Nevertlieless, 
even such studies liave been made to test the relative potency of carotid 
sinus reflexes on the vascular system in normal and hypertensive subjects. 

Investigators have, it is true, attempted to verif}'- the existence of 
vasomotor changes by studying blood flow or volume changes in sepa- 
rate organs. The use of plethysmographs and oncometers constitutes a 
considerable advance tvhen changes in a particular organ are concerned. 
Thus, when the mean pressure and volume of an organ alter in opposite 
directions, if usually denotes vasomotor change m that organ. Caution 
must, hotvever, be observed in extending such interpretations. Changes 
in volume opposite in direction to blood pressure certainly do not mean 
that cardiac output is not concerned in the mean blood pressure changes 
obtained. This is obvious after injection of epinephrine, svhich general!}'' 
causes an elevation of pressure and reduction in kidney size. The sam- 
pling of vasomotor reactions or vascular resistance in indi\ddual organs 
or the limbs— a common practice in studies on h}''pertension— is also not 
a safe index of the total resistance to aortic runoff from all of its 
branches. This is obvious from the formula in calcuj^ ‘ m of T. If r^ or 
r^ increases,' a corresponding change in the opposits .lon in r" or r'* 
would leave R unaffected. Thus the demonstratippl the rate of blood 
flow in the hands or arms is no greater thay^'^ hypertensive subjects 
does not prove that the high blood pressure' is due to generalized con- 
striction. 

Demonstrated constriction in organs supplied by the mesenteric ves- 
sels can with more reason be accepted as leading to increased total re- 
sistance because the “splanchnic area” is dominant in affecting total 
peripheral resistance. It is possible, for example, to ligate all branches of 
the aortic arch—except the carotid arteries which start distorting sinus 
refle.xes— as well as the descending aorta below the inferior mesenteric 
branch without causing elevation of aortic mean pressure or changes in 
calculated peripheral resistance. However, ligation of the superior mes- 
enteric vessel, in addition, definitely increases both. 

Resume. Results of investigations on the circulation would be more 
concordant and the literature on the subject less confused if investigators 
and clinicians in general restricted their deductions and conclusions to 
those that are allowable on the basis of established fundamentals. The 
folloudng principles were discussed: 

I. The pressure variations created in the aorta bv each discharge of 


the left ventricle not only have a magnitude which is defined by readings 
of systolic and diastolic pressures, but a definite form which is mani- 
fested in optical records of the central arterial pulse. Significant changes 
in contour of importance in clinical conditions are graphically pictured 
in Figure 2, and briefly discussed. 

2. Measurements of systolic and diastolic pressures only yield full 
information when their relative deviations, i.e., changes in pulse pres- 
sure, are considered. Dynamically, systolic pressure increases more than 
diastolic (pulse pressure larger) when the systolic discharge of the heart 
increases and when the capacity of distensibility of the aorta decreases. 
Diastolic pressure increases more than systolic (pulse pressure less), due 
to cardiac acceleration and increase in total peripheral resistance. Since 
a number of these reactions generally occur together in the body, then- 
value in interpreting blood pressure changes has not proved as great as 
-^vas at one time hoped. 

3. Hypertension is not defined dynamically as an increase in blood 
pressure alone; the pulse pressure is always increased to varying degrees. 
This greater pulse pressure is generally due to decreased distensibility of 
the aorta and not to the increased peripheral resistance. There is reason 
to suspect that hypertension with little or no elevation of diastolic pres- 
sure is associated with a significant decrease in aortic elasticity. 

4. Before agents which reduce blood pressure in clinical or experi- 
mental hypertension are acceptable therapeutically, it must be shown 
that they in fact reduce total peripheral resistance and that depressor 
reactions are not due to action on the heart or aorta. 

5. Adean pressure is a fictional value which represents the mean of 
successive pressure changes in the aorta. It can fortunately be recorded 
directly by a highly damped mercury manometer. Writers should avoid 
erroneous statements or inferences that changes in pulse pressure can 
be gauged by such recordings. 

6 . The reciprocal of the total resistance is given mathematically by 
the sum of the reciprocals of resistances in parallel circuits of the ar- 

mean pressure 

terial system. The resistance, calculated by the ratio 

increases progressively with body size, but the validity of such estimates 
is often reduced by the fact that possible changes in aortic capacity are 
not taken into account. 

7. Elevations of mean arterial pressure can be attributed to changes 
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in total peripheral resistance only when it is proved simultaneously that 
the minute output of the heart or the capacity of the aorta has not 
changed actively. Since this does not happen under any circumstances 
known to the writer, changes in mean pressure, either absolute or per- 
centile, cannot be used as a quantitative index of the intensity of ar- 
teriolar constriction or of the degree of activity of the vasomotor center. 

8. The sampling of vasomotor reactions or vascular resistance in 
individual organs or limbs— a common practice in studies on hyperten- 
sion— does not allow the conclusion that total peripheral resistance is 
increased or that such increase is the chief cause of the hypertension. 

9. Finally, the themes are stressed that experimental results are no 
better than the apparatus employed, that the analysis of dubious results 
cannot be improved by statistical methods, and that the breadth of con- 
clusions drawn should not exceed the limitations permitted by the most 
accurate results. 
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HEART FAILURE^ 

The Wesley M. Carpenter Lecture 

Paul D. White 

Physician, Massachusetts General Hospital 
Lecturer in Medicine, Harvard Medical School 


CERTAIN man became very breathless and grew thin. All 
observers blamed the lungs. When the cadaver was 
opened nothing remarkable was found in the lungs, but 
the heart, mirabile dictu, equalled the size of a large 
head; it was so large that it contained all the blood and 
spirit.” This case cited by Ballonius and published by Theophilus Bo- 
netus in the first edition of the Sepulchretum in 1679 was, so far as I 
know, the earliest instance recorded of the association of enlargement of 
the heart, that is, of heart disease, with dyspnea doubtless due to heart 
failure. 

“A very fat poet who for a long time had suffered from asthma and 
frequency of urination and for some little time also from dull pain 
in the left side, spent a convivial evening at dinner with friends and rela- 
tives reciting to them all manner of odes, both hilarious and sad, includ- 
ing even a funeral lamentation. At nine o’clock he rose from his seat and 
as he made the effort of mounting the stairs he was seized with an in- 
creasing difficulty in drawing his breath. Aided by his secretary, with 
great effort he reached his couch, reclined, accepted absolution, and 
expired. The next day when his abdomen was opened, everything was 
found loaded with fat. His abdominal wall measured three fingers in 
thickness and his omentum easily weighed 30 civil pounds. The liver 
and spleen were large, the bladder small and weak. The heart was rather 
large and the coronary blood vessels were unexpectedly and extensively 
bony with thin membranes covering the bone on both sides, and in nvo 
places the bony walls were so completely contiguous that not even the 
point of a fine needle could enter. The lungs were large.” 

This case cited by Bonetus himself and published in the second edi- 
tion of the Sepulchretum in 1 700 was, to the best of my knowledge, the 
first recorded instance of the association of rapid death with a high de- 
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gree of coronar)^ disease, quite probably a fatality from coronary oc- 
clusion. It antedates Heberden, Jenner, and Party by nearly a hundred 
years, and although casually referred to by Morgagni in 1761, has ap- 
parently escaped the notice of the generations that have followed. 

The fact that the recognition of these serious end results of heart 
disease came so slovdy, and not until the Seventeenth and Eighteenth 
centuries, is of course to be ascribed to the rarity of autopsies in earlier 
da)'s, to the cursory e.xamination of the viscera in those that were done, 
and to neglect of good history taking. But to think that the essence of 
knowledge about these things is new in our own generation is an error 
and unfair to those who have gone before us. “Men were not all cow- 
ards before Agamemnon or all fools before the days of Virchow and 
Billroth.” Because of the general ignorance about the valuable cardio- 
vascular contributions of some of the medical leaders of their day, two 
or three centuries ago, and because these contributions sum up the es- 
sence of our present day knovdedge of the mechanism and symptoma- 
tology of the congestive phenomena of heart disease, I shall take a few 
minutes to give you some pertinent quotations. 

Even before the Sepulchretwn of Bonetus, Richard Lower, who was 
the first to transfuse blood by tubes from one animal to another, wrote 
in 1669 of e.vperimental compression of arteries and veins with the re- 
sultant congestion; he also described constriction of the heart in man by 
pericardial effusion and by a thick and hard pericardium. 

In 1715 Vieussens described very Avell a case of mitral stenosis. He 
added the following obsei^'ation. “The opening of the auricle into the 
ventricle was so stenosed that the blood could no longer freely enter. 
The circulation was, therefore, so embarrassed that it began to cause 
an extraordinary dilatation of the pulmonary veins and retarded the 
passage of blood through all the vessels of the lungs, which became so 
engorged that they compressed the air vesicles and hindered the free 
entrance and exit of air to and from them; which explains why the pa- 
tient always breathed with difficulty.” 

V icussens also wrote of acute and chronic pericardial constriction of 
the heart, diagnosing correctly one of the acute cases. Incidentally he 
described the waterhammer or Corrigan pulse in a patient with aortic 
regurgitation. 

But it was Lancisi, remarkable physician to Pope Clement XI in 
Rome, who desen-es the most credit for analyzing the sequence of e^'ents 
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leading to heart failure. On page 136 of his book, De Aiotu Cordis et 
Aneiirysmatibus^ published posthumously in 1728, it is stated that ob- 
struction to the course of blood either in the heart or in the major 
vessels is obviously a cause of enlargement of heart and blood vessels, 
most readily of the auricles and veins because of their thin walls. He 
cited on the next page the case of a clergyman of St. Peter’s at the 
Vatican who was troubled by suffocative asthma and vertigo and who 
showed at autopsy calcareous aortic stenosis and cardiac enlargement. 
He added the significant statement that the strenuosity of this clergy- 
man’s body and mind was such as to cause an increased blood flow with 
so rapid a return of blood to the heart that heart chambers, lungs, and 
veins were overfilled, ample reason, he said, for the dyspnea and 
enlargement of the right heart chambers. Thus Lancisi presented an 
exciting or secondary factor, as well as an organic or primary one. 
Furthermore on page 141 Lancisi added the following remarks: “From 
dilatation of the right auricle and ventricle nvo results develop which 
cause dilatation of the jugular veins and are worthy of the greatest con- 
sideration. The first of these is the overfilling of the right heart cham- 
bers and hence the jugulars with blood. The second is the insufficiency 
of the tricuspid valve due to the dilatation of the right heart chambers, 
which insufficiency allows the transmission of the pulsation of the ven- 
tricle backward into the right auricle and venae cavae as well as forward 
into the pulmonary artery.” This he called a new sign ignored by earlier 
authors, partly because it was not noted post mortem. 

Senac and Morgagni followed suit, the former in 1749, the latter in 
1761. Senac emphasized, as Lancisi had not done, that even the stout, 
thick-walled left ventricle might be dilated and enlarged, as he found it 
to be in a case of aortic stenosis. “If the left ventricle,” said he, “must 
dilate when it cannot empty itself, the dilatation then must involve even 
more its auricle and the pulmonary veins.” Of Lancisi’s case he wrote: 
“The blood was arrested in the lung, hence the asthma and the dilata- 
tion of the right ventricle, its auricle and the vena cava.” He also wrote 
of the finding of edema of the feet in some cardiac cases, and of hydro- 
thorax. 

Morgagni spoke of the slow course of the heart failure in some cases 
and he too described the sequence of events in a young man with aortic 
regurgitation. “You will perhaps ask,” he said, “why, as all the four 
cavities of the heart were dilated in the young man in question the dila- 
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ration of the left ventricle was, nevertheless, the greatest? Without 
doubt, because the dilatation of the ventricle had given rise to the diJa- 
ration of the other ventricle and the two auricles; that is, by admitting 
a less quantity of blood than it ought, for the reason which I just now 
gave you; and, in consequence of this obstruction, by retarding the mo- 
tion of the blood in the left auricle, in the lungs, in the right ventricle, 
and its adjoining auricle. But why was the left ventricle the first of all 
to be dilated? A^’hy, certainly, because the semilunar valves, whatever 
the cause of this circumstance might be, having been contracted and 
corrugated, could not properly expand themselves, so as to prevent the 
blood from being, in part, sent back into the ventricle, from whence 
it came.” 

One more historical reference to wind up the important but much 
neglected statement of the debt we owe our forbears for ideas about 
heart failure. Hope’s writings are much better known and date back 
to only a little over a hundred years ago (1832) but they are so clear 
and additionally helpful that they are worth quoting in brief. “As an 
obstacle to the circulation operates on the heart in a retrograde direction, 
the cavity situated immediately behind it is the first to suffer from its 
influence. Accordingly all the impediments seated in the aorta, its mouth, 
or the arterial system, act primarily on the left ventricle, which being 
likewise exposed to the heaviest burden when the circulation is accel- 
erated, has to conflict against a greater variety of exciting causes of 
hypertrophy, than any other cavity of the heart. , . . 

“So long as the left ventricle is capable of propelling its contents, the 
corresponding auricle, being protected by its valve, remains secure. 
Hence, in a large majority of cases, the auricle is perfectly exempt from 
disease, while the ventricle is even enormously thickened and dilated. 
But when the distending pressure of the blood preponderates over the 
power of the ventricle, its contents, from not being duly expelled, con- 
stitute an obstacle to the transmission of the auricular blood. Hence the 
auricle becomes overdistended and the obstruction may be propagated 
backwards through the lungs to the right .side of the "heart, and there 
occasion the same series of phenomena. . . . 

hen the mitral orifice is contracted, especially if the aperture 
be vcty small. . . . the left auricle, having to struggle against the con- 
tr.ictcd \ al\ e in front, and also to sustain the distending pressure of the 
blood flowing in from the lungs, invariably becomes thickened and di- 




lated. The engorgement, extending backwards through the lungs to the 
right ventricle, occasions its hypertrophy and dilatation; under which 
circumstances, namely, hypertrophy of the right ventricle and contrac- 
tion of the mitral valve, the lungs suffer in a preeminent degree (as said 
Vieussens a hundred years earlier) ; for, being exposed to the augmented 
impulsive power of the right ventricle behind, and incapable of unload- 
ing themselves on account of the straitened orifice in front, their 
delicate and ill-supported vessels are strained beyond the power of re- 
sistance. . . . 

“When the impediment to the circulation is primitively seated in the 
lungs, the right ventricle, situated immediately behind them, is the first 
to experience its influence. . . . 

“The primary effect of universal obstruction of the lungs by en- 
gorgement, is, to produce oedema of their cellular tissue and dyspnoea; 
whether the latter depends solely on the engorgement or partly also on 
spasm of the bronchi excited by the irritation of that congestion (italics, 
mine), is difficult positively to determine, though the latter is highly 
probable. . . . The secondary effect is, to gorge the right side of the 
heart, and thus impede the return of the venous blood from the system 
at large; which cooperates with the increased energy of the arterial cir- 
culation in producing anasarca.” 

Why was it that these evidences of heart strain and heart failure 
were discovered so near the beginning of any knowledge of heart dis- 
ease, two centuries or more ago? Because they are of course such gross 
and often terminal conditions that they naturally could not help but 
excite speculation before death and interest in the findings post mortem. 
There was nothing delicate or mysterious about the situation except in 
some of the details which have been so well elucidated by many au- 
thorities in a resurgence of interest in heart failure in our own genera- 
tion. I do, however, even while recognizing the need of ample knowl- 
edge of this very subject, protest against such an observation as that 
made by Lewis on page i of both editions of his book on heart dis- 
ease, namely, “The very essence of cardiovascular practice is recognition 
of early heart failure and discrimination between different grades of 
failure.” I admit that it is necessary to diagnose and to treat heart failure 
when it comes, but I am sure that Ave should regard this task as of minor 
importance compared to both the search for the presence of heart dis- 
ease before failure comes, and the recognition of the fundamental causes 
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of heart disease even before the heart has become affected or at least 
seriously involved. To be sure sve can’t always do much to combat these 
factors as yet or to prevent or delay heart failure, but often u-e can 
do something, and in that direction obviously lies die hope of the future, 
I dare say we shall ahi-ays have victims of heart failure among us, but 
if such failure can be limited or postponed to old age we may feel that 
wc have accomplished much. Of greater importance than the diagnosis 
and treatment of heart failure are studies of the causes of heart disease 
and of its presence before the heart fails. 

Before proceeding further it is M'ise for me to define a little what 
we mean by “heart failure” as a term in common use and as already 
illustrated by the historical quotations I have given you. When death 
comes, the heart stops beating, no matter what disease is fundamentally 
the cause of the death. But that is not what we mean by heart failure 
unless heart disease is the essential cause. The heart may suffer from the 
toxicity of infection or from disease of other organs such as kidneys 
or thyroid gland, but only rarely to the degree of being responsible 
for failure; rheumatic fever and diphtheria are among the rare excep- 
tions to that statement. Nor do we label as heart failure the results 
of hemorrhage or traumatic or vascular shock when, from decrease of 
circulating blood or vasomotor paresis, the heart receives too little blood 
to keep up the vital circulation to brain and elsewhere. This is circula- 
tory but not heart failure, though the one on occasion may excite the 
other. 

Nor do we ordinarily label as heart failure conditions in which the 
fault lies in the inability of the heart to maintain an adequate supply of 
blood to the arteries, capillaries, and tissues of the body because of 
some abnormality of the heart structure itself or of its mechanism M'hile 
the myocardium remains strong. To be sure such trouble is due to fail- 
ure of the heart itself to “deliver the goods” and might well be called 
a type of heart failure. In fact it has sometimes been labelled “forward 
heart failure” in contrast to congestive heart failure, and it is perfectly 
reasonable to regard it as such. Incidentally the causative factors may 
lead to congestive failure in its turn. 

Those factors which cut down the output of blood into the arterial 
s\ stem, cither with or without congestive phenomena essential to them, 
arc as follows. First, those that need not be attended by congestion are 
aortic stenosis, excessive heart rates in paro.vysmal tach veardi^ and high 
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grade sinoauricular or auriculoventricular heart block, conditions that 
may lead to syncope and even to death, as when aortic stenosis suffi- 
ciently cuts down the coronary circulation in middle age or later, when 
ventricular tachycardia fades into ventricular fibrillation, or when ven- 
tricular standstill lasts more than a few seconds. Second are those ob- 
structive states that are attended by both limited output of blood and 
congestive phenomena, without necessarily any muscle weakness or fail- 
ure, namely, mitral stenosis, tricuspid stenosis, and constrictive pericar- 
ditis, acute and chronic; in these conditions the congestive phenomena 
are generally much more prominent than the effects of a limited blood 
supply to the arteries and arterioles and it is, therefore, this very group 
that is often mistaken for congestive heart muscle failure. Third is myo- 
cardial failure itself which is also attended preponderantly by conges- 


tive phenomena. 

Finally, there is still one more set of cardiac abnormalities respon- 
sible for inability or failure of the heart to maintain an effective cir- 
culation, namely, various congenital defects. One of the most striking of 
these is the large auricular septal opening which causes the right heart 
chambers and pulmonary circulation to be overloaded with blood and 
hence congested without myocardial failure. Another anomaly acts just 
reversely to deprive the pulmonary circulation of blood and to over- 
load the aorta and systemic circulation with poorly aerated blood, 
namely, the tetralogy of Fallot with its pulmonary stenosis, ventricular 
septal defect, and dextroposition of the aorta. A patent ductus arterio- 
sus puts a burden of variable degree on both sides of the heart but this 
is usually not great and rarely leads to heart fadure per se. Some of the 
extreme congenital anomalies result in death in early infancy due to 
the impossibility of the maintenance of an adequate circulation to the 
body as a whole and not necessarily to heart failure itself. 

Having thus presented a large group of conditions in which the heart 
is structurally or functionally unsuccessful in maintaining a proper circu- 
lation but in most of which the myocardium itself is clinically sound, we 
come to the two major types of heart failure as they are popularly known, 
namely, myocardial or congestive failure, and coronaiy insufficiency or 
coronary failure. The latter is fundamentally a vascular disease but since 
the coromry arteries are practically a part of the heart’s 
serious involvement with resulting inadequate blood supply to the hea 
muscle, can justifiably be accounted a type of heart disease and o 
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failure, called by Lewis and others the anginal type in contrast to the 
congestive type. Let us consider this coronary species of heart failure 
first, leaving for the end the kind that is more coznnionly thought of by 
the medical profession when heart failure is mentioned. Failure of the 
myocardium to receive an adequate blood supply is as a rule first shown 
by the st'inptom of angina pectoris and by characteristic electrocardio- 
graphic changes on effort. If the coronary circulation is blocked by 
a thrombus, then the pain (the status anginosus) lasts for hours, until 
the affected bit of heart muscle dies, while the electrocardiographic 
changes develop more extensively and last for dat’s or weeks or even 
permanently. Recoyery may be complete or death may come suddenh*, 
even in the very first attack of angina pectoris, due probably to the 
development of ventricular fibrillation. Such a death is sometimes a just 
basis for the term sudden death from heart failure. Or, anginal failure 
may evolve after myocardial infarction or when superimposed on an- 
other kind of heart disease, h}'perrensivc. for example, into considerable 
cardiac enlargement and congestive failure. But heart failure of the 
coronary type is evidenced only by angina pectoris or characteristic 
electrocardiographic abnormalities, and not by its various complications, 
including even death itself which cannot be called coronary with cer- 
tainty without the presence of one or the other manifestation just men- 
tioned. It is reasonable, however, to assume that a person who dies sud- 
denly after recurrent attacks of angina pectoris has died a “coronary 
heart failure” death. 

Now let us turn to congestive heart muscle failure about which the 
early authorities wrote and which is what wc mean in the jrreat ma- 
jority of cases when wc use the unqualified expre.ssion “heart failure.” 
I want to emphasize a few important points about the causes, manifes- 
tations. diagnosis, and treatment of heart failure based largely on my 
clinical experience of the last two decades. .Myocardial faifurc may be 
quite rapid in its development but it is usually slow and often insidioirs. 
though discernible if adequately sought for in an early and slight stage; 
it is never instantaneous as is the case with heart failure of the anginal 
tt’pe. It is always preceded by obvious cardiac enlargement; hence when 
dy.spnca and edema arc found with a heart of normal size they cannot 
be ascribed to heart muscle failure but must be credited to other causes 
of congestion. Heart muscle failure may begin on the left side or on the 
right side. or. least commonly on both sides of the heart simultaneously. 



The factors responsible for heart muscle failure are almost as numer- 
ous as the causes of heart disease itself. They are best divided into pri- 
mary and secondary factors. Sometimes multiple factors are responsible 
in a given case. Rarely the cause is unknown or undiscoverable. 

Drs. Boyer, Leach, and I analyzed two years ago the primary and 
secondary factors responsible for congestive heart failure in looo cases, 
500 from the wards of the Mas.sachusetts General Hospital and 500 seen in 
private practice. Our experience will naturally differ somewhat from that 
of others who live where rheumatic fever is less common and syphilis or 
anemia more common, or who are pediatricians with the rheumatic 
group making up almost the total percentage. Actually we found that 
in our group hypertension as an underlying strain, with or without 
coronary heart disease, topped the list with a total of 47 per cent, rheu- 
matic heart disease was second with 26 per cent, and uncomplicated 
coronary heart disease, that is, uncomplicated except by myocardial in- 
farction, was third with 16 per cent. No other factor was responsible 
for as much as 5 per cent. Lues, for example, accounted for but 3 per 
cent, the cor pulmonale for 2 and congenital defects for only i. Four 
per cent were of unknown origin. Males outnumbered females about 
t\vo to one in the entire group of 1,000 cases. 

Of even more interest were our findings udth respect to precipitating 
factors superimposed on the underlying causes to set off the failure. 
Auricular fibrillation led the list of the recognizable complications, being 
clearly responsible for 14 per cent, doubtless due to the associated tachy- 
cardia. Coronary thrombosis, to our surprise, was second, being the 
exciting factor in 13 per cent. Respiratory infections were third udth 
II per cent. Rheumatic fever was the obvious cause in 7 per cent. 
Pulmonary infarction was the factor in 3 per cent, malignant hyper- 
tension in 2, exertion in only 1V2, anemia in i, and thyrotoxicosis in 
but 0.7 per cent. In a large group of 38 per cent the onset was very 
gradual with ill-defined or no precipitating factor, quite likely some very 
minor strain setting off the failure in the case of a myocardium whose 
reserve was nil; in 5 per cent the onset was very sudden due also to un- 
known precipitating factor. In only five cases of the thousand could a 
surgical operation be blamed for the failure. Pregnancy was the precipi- 
tating factor in two patients. Trauma was responsible in two and ex- 
cessive ingestion of fluid in one. 

To attempt to discover and appraise the precipitating factor in con- 
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gestive heart failure is decidedly worth while since we found that “when 
failure is precipitated by a removable or controllable cause, such as 
auricular fibrillation, respiratory infection, exertion, and thyrotoxicosis, 
the patient has roughly a 50-50 chance of regaining some degree of com- 
pensation. This is also true of those patients in whom failure occurred 
suddenly with no assignable cause and it seems likely that here, too, 
some temporary factor V'^as at work.” The prognosis, we found, de- 
pended much more on the exciting than on the underlying causes or on 
the age of the patients, except that those over seventy did poorly. 
Marked cardiac enlargement carried with it a poor prognosis, regardless 
of cause. Hypertension was a hazard, increasing the incidence of heart 
failure in patients with myocardial infarction. 

It is, of course, of prime importance, in appraising a case, to deter- 
mine not only the particular underlying and precipitating factors but 
to decide and state clearly the degree of structural change from the 
normal and the severity of the exciting cause. Thus, rheumatic heart 
disease may be slight with minimal strain from any respiratory infection, 
never reaching the limit of the cardiac reserve over a long life. On the 
other hand, extensive myocardial infarction complicating hypertensive 
heart disease may lead to rapid failure and death. Between these two 
extremes all grades of strain result in all grades of cardiac enlargement 
and failure. Some hearts remain competent for many years despite con- 
stant strain. 

What are the evidences of myocardial failure and what are other 
conditions that may simulate it? Since at least three-quarters of all cases 
of myocardial strain have such strain exerted on the left ventricle as the 
result of systemic hypertension, aortic valve disease, or myocardial in- 
farction, the first evidence of such strain is left ventricular enlargement, 
and the first symptom to show that the strain is proving to be serious 
enough to cause pulmonary vascular congestion is breathlessness on 
effort that had previously not been elicited by that particular effort and 
which cannot be blamed on some complication like a bronchial infection. 
The inten^al of time between the beginning of the development of 
cardiac enlargement and the onset of this symptom of dyspnea varies 
from hours in the case of a fulminating large myocardial infarct to a 
good many years in the case of a slowly progressive systemic hyperten- 
sion or aortic stenosis. But enlargement there must always be, due to 
dilatation or to dilatation and hypertrophy, before dyspnea can rightly be 


attributed to heart failure. The non-cardiac causes of dyspnea are more 
numerous than the cardiac and may be wholly responsible even in a 
cardiac patient, but it is a common experience to find that a non-cardiac 
cause may itself precipitate failure of the heart, particularly a respiratory 
infection in winter in an old person with heart disease; in such cases one 
must use a good deal of skill in determining how much of the dyspnea 
may be due to the heart and how much to the complicating respiratory 
infection— special tests of blood-flow velocity can help here. 

The dyspnea in mitral stenosis is to be differentiated from that in the 
case of left ventricular strain and failure from the standpoint of patho- 
genesis, prognosis, and treatment. As Vieussens indicated so clearly over 
200 years ago, this dyspnea is not to be ascribed to heart muscle failure, 
though it often leads to it, but then of the right ventricle and not of the 
left. It is common for severe dyspnea, even to the point of acute pul- 
monary edema, to develop suddenly in a patient with mitral stenosis 
who had previously been doing well, due to the onset of auricular fib- 
rillation which so often complicates mitral stenosis. The tachycardia, 
which practically always accompanies auricular fibrillation at first, over- 
loads the lungs with blood and increases pulmonary arterial pressure 
to the point frequently of causing the right ventricle to fail in its turn; 
hence it is quite obvious why the error of ascribing the dyspnea in 
mitral stenosis to heart muscle failure is so often made. There is cer- 
tainly a failure in the cardiac mechanism but not of the myocardium 
per se. Fortunately, digitalis which is the drug par excellence for con- 
gestive heart failure helps tremendously in these cases by reduction of 
the heart rate by producing heart block and so relieves the strain on 
both the pulmonary circulation and the right ventricle. 

Dyspnea on effort as the first evidence of congestive heart failure in 
most cases usually tends to increase without treatment and may eventu- 
ally be present even at rest, resulting in orthopnea, and often in em- 
physema; and it sometimes is complicated by asthma, which, as Hope so 
well pointed out, is a superadded reflex phenomenon, to be called in 
these cases “cardiac asthma” but not to be considered an essential result 
of left ventricular failure, even in acute stages. Rarely does the pul- 
monary edema reach the stage of blood spitting. There may be some 
blood-stained sputum in the most severe acute cases, but if blood is raised 
in quantity, it almost invariably comes from pulmonary infarct or infec- 
tion, the former of which so often complicates congestive heart failure. 
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Signs of left ventricular insufficiency or failure are somewhat slower 
to develop than the dyspnea on eifort. By the time they appear the 
condition is fairly far advanced. They include accentuation of the pul- 
monary second sound, which may in hypertensive cases even equal or 
surpass the already accentuated aortic second sound, diminution of the 
first sound, and protodiastolic gallop rhythm at the apex. It is important 
to note that the gallop may be seen or felt even better than it is heard. 
There may or may not be a mitral systolic murmur due to mitral valve 
dilatation; other older murmurs, for example, that of aortic stenosis may 
be strikingly decreased. The pulsus alternans is a fairly common sign of 
left ventricular weakness but it is usually not looked for. Roentgen ex- 
amination in advanced cases shows dilatation of the pulmonary artery and 
its branches in the lung hiluses and in very serious cases it may reveal 
pulmonary edema; it may incidentally demonstrate the important and 
common complication of pulmonary infarction, though such is much 
more frequent after the right heart fails. Incidentally, rales at the lung 
bases are an advanced sign of pulmonary edema and are much more often 
due, in my experience, to pulmonary infection, or to unilateral or bi- 
lateral infarction, or even to atelectasis. 

Cyanosis may result from pulmonary congestion when left ventri- 
cular failure is of high degree, but is also to be found when right ven- 
tricular failure causes stasis, and indeed without any myocardial failure 
at all when the lungs are seriously congested in mitral stenosis or other- 
wise, or when there is local systemic venous stasis due to a local circula- 
tory fault. Many patients with congestive heart failure have no cyanosis 
at all, except terminally. 

Let us turn nov^ to evidence of failure of the right ventricle Avhich 
most often follows that of the left side, but which may result from 
mitral stenosis or pulmonary vascular disease without left ventricular 
strain or failure. Probably the very first evidence, if we look for it, is to 
be found in engorgement of the liver. The liver can doubtless soak up 
quite a little blood before the venous pressure is much, if any, elevated 
or enough to be clearly evident by inspection of neck veins or by ele- 
vation of actual pressure readings above the rather wide normal range. 
Dr. Boyer and I have found, for example, that a very early symptom of 
right ventricular insufficiency in mitral stenosis is right upper tpiiadrant 
abdoJiihial pain on effoi f, due doubtless to acute hepatic engorgement, 
comparable to the acute pulmonary engorgement which causes dyspnea 
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on effort relatively early in the case of left ventricular sufficiency. 

Acute and subacute engorgement of the liver that lasts for days or 
weeks is common and can be readily recognized because of the combina- 
tion of hepatic enlargement and tenderness in the case of a patient with 
serious strain of the right ventricle or with very severe acute rheumatic 
involvement in early childhood. It may subside quickly or slowly with 
rest and drug therapy but it may go on to a permanent state of liver 
congestion lasting for years. Chronic enlargement is most common in 
cases of mitral stenosis and chronic constrictive pericarditis and in such 
patients may eventually lead to a variable, though rarely extreme, degree 
of cirrhosis, justifiably called cardiac cirrhosis of the liver, but different 
from Laennec’s, although not long ago it was suspected (but not proved) 
that some or all of the cirrhosis in rheumatic heart cases might be the 
result of an acute rheumatic hepatitis. It is natural that the liver rather 
than the systemic veins should bear the brunt of evidence of right ven- 
tricular failure or constriction, and show congestion earlier and often 
more severely, because of the low pressure in the portal and hepatic 
circulation and because of the angularity of the entrance of the hepatic 
veins into the inferior vena cava (along with the effect of gravity ) . 

There are two other points of particular interest concerning the liver 
in congestive heart failure. The first concerns its pulsation. It used to be 
thought that a vigorous liver pulse indicated tricuspid valve disease with 
stenosis; Mackenzie was one of several who exploded that idea. It may, 
to be sure, and in fact often does, accompany tricuspid valve disease with 
regurgitation, but when u^ell marked it is of course due to tricuspid 
regurgitation whether the valve itself is damaged or not. In fact it is 
now recognized that irreversible dilatation of the tricuspid ring, chiefly 
in cases of severe mitral stenosis, with little or no tricuspid valve de- 
formity, may remain after recovery, in -whole or in large part, of the 
right ventricular myocardium from a state of congestive failure; this 
circumstance is well and probably best shown by vigorous systolic 
pulsation of the deep jugular veins. The liver may pulsate whether or 
not the heart rhythm is normal, but auricular fibrillation is most often 
found in such cases and then the liver pulse is a single wave, the ven- 
tricular type, as Mackenzie used to call it. Undoubtedly the liver actually 
pulsates in most cases but in a degree that cannot clinically be recognized 

in the majority. , • .1 

The other important observation about the congested liver is tnat 
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when a large pulmonary infarct is superimposed, as not rarely happens, 
there appears a jaundice usually of slight degree, but once in a while 
more pronounced, due to the inability of the congested liver to take 
care of the hemolyzed blood pigment from the infarct; and this may 
cause undue concern about the biliary tract. Such jaundice is always an 
important sign, however, and if pronounced, is serious. 

Next in importance as a sign of right ventricular failure or constric- 
tion or of irreversible dilatation of the tricuspid valve or tricuspid valve 
disease is increased pressure and pulsation in the systemic veins, best 
noted in the jugulars but occasionally widespread over the body. In 
cases where the systolic pulsation is marked, there is a very appreciable 
pulse pressure in the larger veins, consisting in the neck for instance of 
several centimeters between systole and diastole. The more the engorge- 
ment, the less the visible pulsation; hence in most cases of congestive 
failure the venous pulse is much better seen with the patient upright than 
in the recumbent position. One other obsen^ation about the venous pulse 
is of special interest and that is the occasional error that may be made in 
confusing the deep systolic jugular pulse, that actually raises the sterno- 
cleidomastoid muscle, with a vigorous carotid pulse. It is easy to avoid 
this error by observing the sustained character of the venous (c plus v 
v'-aves) in contrast to the arterial pulse, and by its easy obliteration by 
relatively light pressure over the jugular bulb. The possibility of this 
error was pointed out many years ago by Lancisi and, later, by Macken- 
zie, but is not yet recognized by the large majority of medical obsen’-ers. 

The third sign of right ventricular failure or constriction is dependent 
edema, of the feet and legs in the upright position, of the lower back 
and abdominal wall when supine, and of arm and even thorax and one 
side of the face when lying on one side. Its degree varies tremendously 
not only with the degree of hydrostatic pressure secondary to the failure 
of the heart but also with the presence of complicating factors, the most 
common of which are local obstruction to the venous floiv as in cases of 
varicose veins and thrombophlebitis, and hypoproteinemia in cases of 
malnutrition. In fact, in some patients without any heart disease at all 
these other conditions are confused carelessly with congestive heart fail- 
ure and treated by giving digitaUs; in my experience local venous ob- 
struction is often so misinterpreted, malnutrition rarely. Nephrotic 
edema is also rarely confused with congestive heart failure. 

Hydrothorax is an occasional congestive phenomenon in right heart 
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failure, not in left, and it happens that it is almost invariably right sided 
at first or entirely. If there is isolated or preponderant left hydrothorax 
one should look for a complicating factor of pulmonary and pleural 
infarction or infection; in fact, such may be a hidden cause even in cases 
of congestive heart failure with right or bilateral hydrothorax. 

Ascites is also an occasional congestive phenomenon, usually in ad- 
vanced dropsy, but also in cases of chronic constrictive pericarditis and 
mitral stenosis in which the portal circulation has been long obstructed. 
In some cases of the former condition, that is, constrictive pericarditis, 
there may be in the subacute or transitional stage an actual peritonitis 
as a part of the polyserositis, and responsible for some, at least, of the 
ascites; in most cases, however, there is no peritonitis to give rise to 
ascites or frosting of the liver— in such patients, the portal obstruction is 
wholly responsible for the ascites. 

One other sign of right ventricular \veal<;ness and failure which has 
been inadequately referred to except by the French school is a diastolic 
gallop rhythm, maximal not at the apex, as in the case of left ventricular 
weakness, but over the main body of the right ventricle and so best 
noted at the left of the midsternum. The most striking instance of this 
sort that I have ever encountered was in a patient vdth chronic con- 
strictive pericarditis whom we recently found in a greatly improved 
state a few months after pericardial resection. His right ventricle had 
been decorticated and v^as seen to be beating directly under the skin 
and soft chest wall tissues (the ribs had been removed over it). It was 
still obviously atonic and flaccid in diastole, although the systolic re- 
traction seemed fairly vigorous. There v^as a marked protodiastolic 
gallop, much better felt and seen than heard, a circumstance commonly 
found in gallop rhythm but not to the degree noted in this particular 
patient. 

By fluoroscope in right heart failure the superior vena cava may be 
seen to be engorged and pulsating, but this is not important, for in such 
cases the jugular pulse is easily detected anyway. 

What can we say about other evidences of or tests for congestive 
heart failure? Help from the x-ray I have already mentioned: There is 
always a large heart and the size may or may not materially change 
under observation, growing larger during the failure and smaller again 
when the myocardium has recovered its tone; in failure of the left ven- 
tricle engorgement of the pulmonary circulation is an important sign 


Heart Failure 


3 3 


and evidence of this in dilated pulmonary arc and lung hilus shadows 
is one of the chief reasons why roentgenology is a very useful adjunct 
in the study of heart disease; we don’t need its help when the right 
ventricle fails. 

Electrocardiography affords us little or no information of value in 
congestive heart failure except to tell us which ventricle may have been 
preponderantly under strain previously and to aid in following digitalis 
therapy; the prolongation of systole, as measured electrocardiograph- 
ically, if it really occurs at all in congestive heart failure, is so slight as 
to be unimportant. 

The estimation of the vital capacity of the lungs is not very im- 
portant; it gives us, however, something of a quantitative figure in fol- 
lowing the progress of an individual case which may be quite evident 
by clinical inspection. For diagnosis it must be interpreted with great 
caution because of the various other conditions besides congestive heart 
failure which may affect it. 

Studies of the velocity of blood flow are also usually unnecessary, 
but they do have a place in doubtful cases, for example, in helping to 
decide whether dyspnea and asthma are due to left ventricular failure 
or to pulmonary disease or bronchiolar constriction; there will be a delay 
in all the tests from venous to arterial circulation if congestive failure is 
responsible for symptoms and signs. 

Blood and urine examinations are not important except to reveal the 
degree of anemia that may be an exciting factor of heart failure, or the 
presence of leukocytosis in the case of suspected complication of in- 
farction or infection, or of hypoproteinemia as a factor in the causation 
of edema, or urinary findings of renal disease. Albuminuria is, however, 
a common, in fact usual, accompaniment of congestive failure of the 
right ventricle. 

I would add a brief word about fever before leaving the subject of 
diagnosis. It is quite likely that a slight rise of rectal temperature above 
normal, up to a degree or a trifle more, may occur in congestive failure 
of the right ventricle because of the difficulty in dissipation of heat from 
the edematous body with its faulty circulation, but any appreciable 
fever is to be attributed always to some important complication gen- 
erally in the form of infarction (particularly pulmonary), or infection 
(particularly pulmonary or acute rheumatism). Dr. Kinsey and I found 
that every one of fifty consecutive cases of congestive failure that came 
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to autopsy showed at least one complication that could account com- 
pletely for the fever that had been present often for some time before 
death, although during life it was often difficult or impossible to prove 
the presence of any such complications. Also it was apparent that the 
complication was the last straw, none of those fifty patients dying of the 
congestive failure alone. 

What is the prognosis of congestive heart failure? Usually bad, if 
failure of either ventricle is easily diagnosed and not rapidly cleared 
after the subsidence of some excessive strain such as a very rapid heart 
rate in auricular fibrillation. If congestion occurs with little provocation, 
the future outlook is especially poor, although even here modern therapy 
may prolong life for a year or more. 

When, however, pulmonary congestion is the result of mitral stenosis 
and not of left ventricular failure, and systemic venous stasis is due to 
chronic constrictive pericarditis or to a considerable degree of tricuspid 
stenosis or irreversible tricuspid dilatation, then life may last for many 
years,- restricted to be sure, but often surprisingly comfortable. 

It still remains the rule in congestive failure as otherwise, that “the 
larger the heart the worse the future,” save for infrequent exceptions. 

In closing I shall present a few pertinent remarks about treatment of 
congestive heart failure, the principles and details of which are so well 
covered in current textbooks and journals that they do not need repeti- 
tion here. Digitalis, in any one of numerous effective forms, still remains 
the drug par excellence for myocardial failure, no matter what the heart 
rhythm, although the results are more spectacular in the presence of 
auricular fibrillation with rapid heart rate, ^^^e should, however, be quite 
sure that dyspnea or edema is of cardiac origin and not due to pulmonary 
disease or local stasis before we give it; this seems an obvious rule and 
yet I find it disregarded frequently, even in the best of clinics. Nor is 
digitalis of value when congestion is the result of chronic constrictive 
pericarditis unless auricular fibrillation has occurred as a complication to 
speed up the heart rate, in which circumstance it does help a lot. Also, 
it is of more than academic importance to avoid giving enough digitalis 
to upset the patient, inasmuch as the drug will probably be needed dur- 
ing the rest of the life of that individual and should not early be made 
excessively distasteful. Almost every instance that I have ever encoun- 
tered of so-called sensitiveness or idiosyncrasy to digitalis is merely the 
result of physical or mental repugnance due to previous toxic dosage; 
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it is hard to combat this or to conceal the unpleasant taste although with 
persistence such difHculties can be overcome. I myself have never met 
an instance of true allergy to digitalis. There are three other observations 
about digitalis that I would add. The first concerns the occasional drug 
intoxication that immediately follows a vigorous diuresis by mercurial 
injection and which has been wrongly attributed at times to the diuretic; 
in such cases evidently a good deal of digitalis as well as water may be 
released quite suddenly from the tissues and hence it is well not to induce 
a very high saturation by digitalis. The second point concerns the dif- 
ferent strengths of the digitalis preparations on the market in recent 
years. Many were increased in strength to accord with the international 
standard as recommended by the U. S. Pharmacopeia of 1936, the XI th 
Edition, while others have retained their old strength on which most of 
us have based our routine dosage for many years. Since the new potency 
is from 30 to 50 per cent stronger than the old, it behooves us always 
carefully to note the statements on the labels of the preparations we are 
using to avoid the possibility of disagreeable or even dangerous digitalis 
intoxication which I have found to have become, quite abruptly, in- 
creasingly frequent throughout the country in the last few years because 
of the general lack of appreciation of this important fact. The third 
point concerns the use of digitalis in modest dosage, say at the rate of 
one or one-half the usual daily ration without digitalization first, in cases 
of considerable myocardial strain and enlargement before the muscle 
fails, in order to prevent congestive failure. Dr. Henry Christian advised 
this some years ago and I believe that it is a wise move, despite the diffi- 
culty of proof of its efficacy. 

I have but a word concerning the use of diuretics. Quite rightly the 
mercurials given intravenously have assumed an important and very use- 
ful role in the last decade or two, but there has arisen some neglect of 
the milder diuretics that may be taken by mouth and which may suffice 
as adjuvants to therapy by rest and digitalis. 

Finally, I would urge the most careful attention to all the finer details of 
treatment— avoidance of nertmus excitement and irritation, an atmosphere 
of quiet cheerfulness, a simple but adequate and tasty diet of small meals, 
limited salt and fluid intake and as few medicines as possible. Where 
life and comfort hang in the balance one cannot neglect a thing. There- 
fore, even though heart failure is the last stage of heart disease and, hence, 
not the most important, it is one of our impelling tasks, as physicians, 
to combat it as long as vi'^e can and to ease the sufferings of its mctims. 
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ARTERIOSCLEROSIS: SOCIAL SIGNIFICANCE 
AND RECENT ADVANCES IN TREATMENT* 

George Morris Piersol 
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CONSIDERATION of the social significance of arteriosclero- 
sis requires some definition of what is to be included 
under the omnibus term, arteriosclerosis. This common 
heading usually is applied to three different lesions. The 
first is atherosclerosis, the nodular type of vascular degen- 
eration that affects chiefly the aorta and its branches but is also found 
in certain small arteries, particularly the coronaries and cerebral vessels. 
Although the exact cause of atheroma is unknown, it is generally con- 
ceded that it is a degenerative process of advancing years, which may 
or may not be associated with high blood pressure. The second type is 
the medial sclerosis of Monckeberg. This form is seen particularly in 
the medium sized muscular arteries, particularly those of the extremities. 
Tortuous temporals and the pipestem radials are well known and com- 
mon examples of this type of vascular disease. It bears no relation to 
high blood pressure, is found in older people and must be looked upon 
as a senile degenerative change. The third type is diffuse hyperplastic 
sclerosis which attacks the small arteries, is seen best in the arterioles of 
the kidneys and is intimately associated with hypertension. The condi- 
tion has been well termed arteriolarsclerosis. It differs from the first and 
second types in that it is not primarily a degenerative change of old age. 
It is frequently encountered in younger people and is regarded by some 
as the reaction of the smaller arteries to the strain of prolonged high 
blood pressure. 

With the exception of the last group, it is evident that the vascular 
lesions commonly referred to under the term arteriosclerosis, are inti- 
mately associated with the process of ageing and are encountered chiefly 
in individuals of the upper age groups. Although numerous examples of 
arteriolarsclerosis are observed in young people, the majority of individ- 
uals suffering from this form of vascular disease have attained to the 
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later decades of life. It seems not unreasonable to suggest therefore, that 
there is a relationship beut^een the vascular processes generally referred 
to as arteriosclerosis and grovdng old. 

The present state of our knowledge makes -it unjustifiable to state 
that age is the cause of arteriosclerosis or conversely, that arterial 
degeneration is the cause of old age. Winternitz and his associates are 
disinclined to regard arteriosclerosis as “primarily degenerative or the 
inevitable concomitant of age.” There are others who disagree with this 
\dewpoint. Alfred Cohn, for example, raises the query, “may not the 
inevitable concomitant of age be vascular change?” It is common ex- 
perience to observe individuals who have attained far advanced years 
without exhibiting any evidences of arteriosclerosis. Conversely, many 
young people are encountered who have prominent signs of vascular 
degeneration. It may well be as William Boyd puts it: “The advance in 
years merely permits some slowly acting cause to produce the effect on 
the vessels.” The oft quoted classic remark of Sir William Osier that “a 
man is as old as his arteries,” still has much to commend it. 

The relationship of arteriosclerosis to ageing involves the considera- 
tion of a problem that has long engaged the interest of outstanding 
philosophers and biologists. Is old age an involuntary phenomenon physi- 
ological in nature or is it disease? The most satisfactorj^ discussion of 
this fundamental problem is to be found in the scholarly treatise on Old 
Age written some years ago by the late Aldred Scott Warthin. He 
pointed out that from embryonic life until death the processes of 
involution are constantly active and that the primary tissue changes 
observed in these involuntary processes are identical udth those char- 
acteristic of ageing. \^^arthin groups the primary tissue changes of senes- 
cence under four heads: i, numerical atrophy, the result of the gradual 
loss of pov^er of cells to divide; 2, quantitative atrophy, the reduction 
in the size and number of parenchymatous cells; 3, shrinking and con- 
densation of intercellular substance; 4, vascular changes, particularly 
vessel collapse and obliteration of lumen. These changes are inherent in 
the organism, inevitable and physiological, and, if undisturbed by en- 
vironmental factors or disease, finally lead to failure of vital functions 
and biologic death. In the vast majority of individuals these primary 
involutionary processes are accelerated or modified by secondary path- 
ologic changes of uTich those secondary to vascular lesions such as 
arteriosclerosis, with its attendant phenomena of thrombosis, embolism. 
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hemorrhage and atrophy, occupy a conspicuous place. It is these secon- 
dary pathological conditions that prevent most senile individuals from 
attaining their full life span. They embrace the causes of death which 
occur during the last third of life of which those due to degenerative 
vascular disease come first. A survey of the various causes of death at 
different ages for the general population of the United States emphasizes 
this. A little over 25 per cent of all deaths between the ages of 40 to 50 
are due to cardiovascular conditions. The proportion of deaths due to 
this form of degenerative disease mounts steadily thereafter with each 
decade until between the ages of 80 to 89 it accounts for two-thirds of 
all deaths. 

The adoption of such a conception of the mechanism of ageing is 
helpful in explaining the marked individual variations that are commonly 
observed in the rate of ageing and the symptoms of senility. Those in 
vdiom the intrinsic senile process progresses in an orderly fashion, unin- 
fluenced by secondary pathologic changes and little affected by un- 
favorable environmental factors such as malnutrition, fatigue, trauma, 
infections and intoxications, may attain a ripe old age characterized by 
unusual mental and physical vigor. In this group are embraced the many 
outstanding examples of men and women who, in spite of extreme old 
age, have retained their creative ability and have accomplished some of 
the world’s greatest works. On the other hand, there are those who, 
before they reach the age of 60, an age arbitrarily adopted by many 
gerontologists as the time at which old age begins, exhibit the physical 
and mental characteristics of advanced years. It is the secondary patho- 
logical changes rather than the essential age process itself that is respon- 
sible for the clinical manifestations of ageing in this group. It is Warth- 
in’s conviction that sclerosis of the arteries with its resultant effect upon 
the circulation and nutrition of organs becomes a chief collaborative 
factor in hastening or exaggerating the parenchymatous involutions of 
senescence, clinically recognized as premature age, and that the converse 
condition, deferred age, comes from the absence of any marked degree 
of arteriosclerosis. From the foregoing it seems not illogical to conclude 
that there is such an intimate association between arteriosclerosis an 
ageing that their social consequences are inseparable and for all practical 

purposes may be regarded as identical. 

Acute disease, except when it occurs in epidemic form, has no broa 
social application. Its effect, regardless of how disastrous that may be, is 
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restricted Jargely to the individual and to those with whom that individ- 
ual is in close social or economic contact. Such, however, is not the case 
when we consider a chronic disease of widespread and practically uni- 
versal occurrence, of long duration, insidious and progressive in its 
course. Arteriosclerosis falls in' this category. 

The obvious social consequences of arteriosclerosis are those asso- 
ciated with the disabilities that occur as the result of its various serious 
sequelae, such as cerebral hemorrhage and thrombosis, myocardial fail- 
ure, coronary occlusion, renal insufficiency and the different manifesta- 
tions of cerebral degeneration grouped under senile dementia. In those 
in whom primary hypertension is the antecedent condition, some of 
these catastrophies may occur at a relatively early age, suddenly striking 
down individuals at the height of their productivity. For the most part 
the changes are insidious and their effects do not become apparent until 
the later years of life. In either event the social and economic results are 
the same. Those so afflicted, become incapacitated to a point where their 
earning power is lost or at least impaired. They become a burden upon 
their families and frequently, in the end, a charge upon the State. The 
amount of money involved in lost wages and the actual cost of their 
medical care and maintenance is difficult to estimate but it is plain that 
the annual cost runs into a huge figure which directly or indirectly must 
be borne by the wage earners of the nation. 

The more remote and less apparent significance of arteriosclerosis 
presents much more important and far reaching consequences of social, 
economic, and political import. A proper understanding of these aspects 
of the subject demands some inquiring into the problems which have 
arisen as the result of the changing trend in the age composition of our 
population. 

It is hardly likely that arteriosclerosis presented a serious social prob- 
lem in the days of the Roman Republic when, it has been estimated, the 
mean length of life was between 20 and 30 years. The same was undoubt- 
edly true in the early days of this country, for at the time when the 
Declaration of Independence was signed, life expectancy had reached 
35-5 By the turn of the century in this countr)’-, longevity 

had reached 50 years. From that time on life expectancy has steadily in- 
creased. By 1930 it was 60 years, at the present time 3 or 4 years have 
been added to this and it is estimated that within a few more decades it 
is reasonable to expect the span of life to have increased to 75 years. 
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It is interesting to note that this gain in life expectancy has occurred 
largely during the earlier years of life. By 1931, the expectation of life 
at birth in white males had risen to 58.84 years, whereas during the 
active years of middle adult life the increase in longevity has only been 
about one year. In the later decades of life, practically no gain has oc- 
curred. It is evident that this prolongation of life is limited largely to the 
younger age groups. As life expectancy has increased, the mortality in 
the first 10 years of life has notably decreased with no corresponding 
increase in mortality in the higher age brackets. These changes have 
resulted from improved control of the various infectious diseases, the 
virtual elimination of certain epidemic diseases, marked lessening of in- 
fant mortality, improved public health programs, a better understanding 
on the part of the people as a whole of the problems of diet, nutrition 
and personal hygiene, as well as a lessening of fatal accidents. Couple 
with this the fact that the birth rate of the United States is steadily 
declining, from 30 per thousand in 1900 to 16 per thousand today, it is 
easy to understand why the age composition of our population has under- 
gone such a radical change which has brought about a startling increase 
in the number of older people. Further study of the age composition 
shows that whereas about one hundred years ago 52.5 per cent of the 
total population \vas under 20 years of age, today only 36.7 per cent 
fail into this group. Coincidentally the number of individuals aged 65 
or over has increased. The middle of the last century they made up only 
2.6 per cent of the total population, they now represent over 6 per cent 
and it has been conservatively estimated that in appro.ximately another 
fifty years, more than 40 per cent of the entire population of this coun- 
try will be 45 years of age or older. 

With this amazing age increase comes a marked increase in the so- 
called degenerative diseases of which arteriosclerosis and its various se- 
quelae occupy a commanding position. This is further emphasized by a 
study of the principal causes of death during the last 50 years which 
shows that the rate per hundred thousand of the various degenerative 
diseases has steadily risen whereas death from preventable diseases has 
undergone a conspicuous decline. Cardiovascular disease, which was 
fourth among the causes of death in 1900, now occupies first place. 
This is further borne out by the observations of Barker, who carried out 
complete clinical studies on a group of 300 new patients aged over 60 
years. The diagnostic -findings showed that cardiovascular disease was 
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by far the most common disorder in those between 60 and 70 years. 
The same \^'as true in the older group of patients. As Christian has 
pointed out in a discussion of what he calls the non-preventable diseases, 
preventive medicine has saved life chiefly among the young thus enab- 
ling them to attain older years and to become the victims of degenera- 
tive conditions in the end. One significant result of the triumphs of 
medicine has been to bring about a material increase in the number of 
old people in our nation, thereby creating social and economic problems 
which cannot be ignored. In order to meet these increasing responsibili- 
ties adequately, it is essential that we show a greater interest in acquiring 
a better understanding of the psychological, social and economic needs 
of this increasing group of ageing arteriosclerotics in our midst. 

Few people anticipate approaching old age with any degree of satis- 
faction. Many violently resent growing old and refuse to accept with 
equanimity their declining powers and increasing limitations. Examples 
of this mental attitude are the traditional disinclination of older women 
to admit their age and the resentment shown by so many patients when 
they are told that their symptoms are but the evidence of advancing 
years. This feeling of resentment against the inevitable, and this morbid 
dread of growing old is a source of much unhappiness and discontent 
among older people which is not infrequently reflected in unfortunate 
sociological consequences both in the home and in the community. It 
is not so much death that is feared by old people as the lurking dread 
of prolonged illness, a long period of idleness and even uselessness after 
a life of activity, and the loss of economic independence. It is the feel- 
ing of inadequacy, the thought that they are no longer essential and a 
lack of confidence in their ability to adjust themselves to changed con- 
ditions that are such disturbing factors to them. Continued advance in 
medical science -will doubtless do much to lessen the suffering of the 
aged and to mitigate more and more, their physical handicaps. Impro\^ed 
medical care however, is not enough. It is the social aspects of the prob- 
lem of growing old that must be solved. A means must be found to edu- 
cate people to plan for their later years. Such a plan must involve more 
than an effort to accumulate enough money to sustain them in old age, 
although it is true that the assurance of economic security adds in no 
small degree to the peace of mind of those approaching senescence. This 
is well realized and has been given concrete expression in the social 
security and old age pension acts that have been instituted by the Fed- 
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eral government and many States. Although these pensions will to some 
extent meet the needs of the poor, they are obviously inadequate to 
allow most old people to live at the social and economic levels to which 
they have become accustomed and upon which their contentment de- 
pends to a considerable degree. There is a tendency to expect old peo- 
ple to accept compulsory retirement along with the dole. Such an atti- 
tude is both unfortunate and unsound sociologically and psychologically. 
The best insurance against unhappiness in old age is to be found in 
occupation. It is clearly the duty of society to educate older people to 
expect to make every effort to help themselves. The problem of provid- 
ing useful occupation for this ever increasing group should be given 
careful study. They should not be asked to compete with youth or to 
labor with the same intensity that characterized their more active period 
of life. The present appalling situation with its wanton destruction of 
youth and the diversion of large numbers of young workers from pro- 
ductive occupations, furnishes illuminating examples of the effective 
ways in which the older element of a population, when necessity arises, 
can be occupied to advantage. E. V. Cowdry well sums up this aspect 
of growing old when he states, “The most effective preparation for 
advanced years is cultivation of some line of activity which can be 
carried on as we become more and more physically feeble. The really 
happy aged person holds his head high, consequently avoids a feeling 
of inadequacy because he or she is able to do something extremely well. 
It makes little difference what this something is as long as its value is 
apparent.” 

One of the most important problems connected with the social con- 
sequences of ageing, is the question of retirement. In an earlier genera- 
tion when old people were much fewer in number, age was looked upon 
as a distinction. Today, in a social order which glorifies youth, it is held 
a liability. The current belief that after middle life enterprise, produc- 
tivity, adaptability, and originality must decline has been widely accepted 
in both the professions and industry. The executive must leave the desk 
from which with wisdom and foresight he has directed a vast industry, 
the surgeon, at the height of his best clinical judgement, is forced to turn 
his back upon the hospital; the teacher, vTen his knowledge and intel- 
lectual powers have ripened into full fruition, finds the door of the 
classroom closed to him; all because society, still repeating the words 
of the Psalmist, “the days of our years are three score years and ten. 
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written at a time when life expectancy was little more than 20 years, 
is convinced that at the arbitrary age of 65 the powers of all men must 
fail. There is no scientific evidence to .show that there is any single age 
at which human beings of necessity experience significant loss of mental 
power. Activity of mind or body does not wear a man out except as it 
is influenced by environmental states such as accident, disease, malnu- 
trition and discouragement. To be forced by retirement out of the active 
affairs of life, especially when one still retains a lively interest in and the 
ability to perform those accustomed duties, is one of the greatest shocks 
that can come to most individuals. When the stimulus of responsibility 
is withdrawn, the urge to effort ceases. Fes\' individuals can successfully 
survive the inactivity of retirement. When the average man feels his use- 
fulness is ended, the debilitating effects of old age come on apace. There 
are obvious reasons why it seems desirable to those who control our 
industries as well as our varied iastitutions to insist upon compulsory 
retirement at a given age. It affords opportunity for the advancement 
of younger men, makes room for the employment of others and intro- 
duces the vitality and fresh viewpoint of aggressive youth. It is unfor- 
tunate that retirement has to be placed upon such an arbitrary basis. 
It would probably serv'e the best interests of the individual, industry, 
and the community if some discrimination could be used so that those 
who, by reason of their experience possess exceptional judgement and 
administrative ability might be retained in some capacity of usefulness. 
The problem of the increasing millions of elderly persons w'ho must 
and should have an opportunity to work is serious and calls for the w'isc 
and thoughtful consideration of our best minds, 

Stieglitz has recently pointed out that industry is becoming acutely 
aware that the average age of their employees is increasing at a surpris- 
ing rate and this in spite of the fact that a large number of unemployed 
exi.sted until recently. The situation is becoming more acute as the pres- 
ent emergency creates a shortage in trained personnel and diverts many 
young men to the armed sendees of the country. It seems apparent that 
some means must be found by which older employees may be retained 
and productively employed in jobs suited to their capacity, so that their 
independence may be presen'ed and the value of their skill and experi- 
ence not wholly lost to industrv'. 

The question of increased retirement coupled with the steady rise 
in the age of our population is bringing about an economic and political 
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dilemma of far-reaching implications. It is a matter of record that dur- 
ing the last 75 years, the birth rate in this country has steadily fallen, 
there has been a relative decrease of children under 5 years of age and 
the relative number of persons over 65 has almost doubled. During this 
same period of time, the productive element of the population, aged 
between 20 and 44 years, has remained constant. Upon this latter group 
falls the chief burden of caring for the young and dependent older peo- 
ple. Child labor legislation, more time devoted to education and en- 
forced earlier retirement of older workers is steadily diminishing the 
group of available productive workers, who find themselves confronted 
with the increasing responsibility of providing for the young on the 
one hand and an increasing number of non-producing older people on 
the other. It follows, therefore, that a dwindling group of produeers 
is being called upon to provide for all the rest. In order to relieve the 
productive element of the population from this increasing burden, the 
government attempts to assume some of this responsibility. Such meas- 
ures of social security, commendable as they may be, can only be pro- 
vided for by increased taxation which in turn falls upon the industries 
and individuals that employ labor. In order to meet the needs of the 
non-producers, taxation is gradually being increased to the point where 
profits are eliminated thereby creating an unbalanced situation which in- 
volves conflict between the interests of producers and consumers. 

This paradoxical situation has been graphically stated by Mark Sul- 
livan who points out that although in the next 25 years the increase in 
the total population of the United States will be comparatively small, 
the increase in the number of old people will be rapid and great. Those 
aged over 65 will have increased approximately from 46,000,000 to 

60.000. 000; meanwhile, the number of productive workers aged between 
20 and 65 will have remained about at their present level, around 

80.000. 000. This last class will be called upon to support, either pri- 
vately or through taxation, a materially increased number of young non- 
productive individuals and a group of old people that wall have doubled 
in number. The productive group of workers will be called upon to 
pay for the education of the young and pensions for the old. Although 
the total number of workers remains constant at about 80,000,000, it 
must be borne in mind that one-half of these are either unemployed or 
are housewives so that actually only about 40,000,000 producers will 
be called upon to support an equal number of their own age, plus the 
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increased number of young and old non-producers, a total which has 
been roughly estimated at r 16,000,000. The political and economic po- 
tentialities of such a situation in which the burden of carinsr for the old 

O 

and young will directly or indirectly be placed upon the productive 
workers of this country are far-reaching and to say the least, disquieting. 

Aside from its economic aspects, there are definite political impli- 
cations connected vdth this steady increase in the older element of the 
population, particularly if they are taught to expect early retirement and 
financial aid from the State. Such a group could readily become a pres- 
sure block of extreme political significance. If as a public policy we force 
this group of older individuals into idleness, we run a definite risk of 
placing American politics under the control of the senescent. Con- 
servatism, caution and inflexibility are psychological characteristics of 
old age. The question has been raised whether democracy as we know 
it will continue to be as effective while our voting majorit}’’ advances 
in age. Roy Helton has said that it will not be safe for America to permit 
the present psychology of old age to dominate even a powerful minorit)’- 
of our citizens. The situation has been aptly expressed by Professor John 
Dev’^ey who v^ites: “Consen^atism increases vdth age so that in the 
degree in which the older group expresses itself politically, we have the 
curious and indeed ironic condition that at just the time when measures 
of social readjustment are most needed, there is an increasing number of 
those whose habits of mind and action incline them to resist policies of 
social readjustment.” 

The increased incidence of degenerative diseases such as arterioscle- 
rosis, due to the fact that more and more of the population are surviv- 
ing to old age, is having and will continue to have a distinct influence 
upon medical practice. There is a growing demand upon physicians to 
meet adequately the medical needs of our ageing population. In order 
to do this successfully it is essential that we should acquire a better 
understanding of the altered physiolog}’’ and psychology of old age, 
and the pathological processes peculiar to that period of life. Begin- 
nings along these lines should be made in our medical schools where 
geriatrics should receive the emphasis that is warranted by its grouang 
importance. As an ever increasing number of preventable diseases are 
brought under control, the non-preventable, degenerative conditions, 
notably diseases of the vascular sj’^stem, are destined to make up the 
bulk of the physician’s practice. Today this is already the case, at least. 
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in SO far as concerns the internist. 

In order to cope successfully with this changing trend in the prac- 
tice of medicine, it is desirable that physicians should develop a more 
lively interest in and a better understanding of the problems of old age. 
Until recently, physicians, as a whole, have approached the degenera- 
tive diseases of later life in a defeatist attitude that has been as devoid of 
inspiration to the doctor as of comfort to the patient. Granted that 
diseases which are the result of degenerative change, such as arterio- 
sclerosis are inevitable, and incurable, it is nevertheless incumbent upon 
the physician to approach their management in a spirit of greater cheer- 
fulness and optimism. This is justified by the fact that if we will but 
make an earnest effort to acquire a better knowledge of the psychologi- 
cal and physiological needs of the aged, it is possible not only to prolong 
life but to relieve suffering, and restore to some degree physical and 
mental well-being that will do much to mitigate the handicaps and in- 
firmities of age. 

There is no condition characteristic of old age that is more deserving 
of our best therapeutic efforts than arteriosclerosis. Unhappily at the 
outset we find ourselves seriously handicapped in our efforts to treat 
this condition because of the lack of knowledge as to cause. The manage- 
ment of a disease of unknown or at best of suspected and multiple 
etiology, must of necessity be unsatisfactory. It must be conceded that the 
most effective approach to the control of any disease is its prevention. Of 
no disease is this more true than of arteriosclerosis. Thus far, unfortu- 
nately, in spite of much painstaking study, little has been accomplished 
along this line. 

The most constructive progress that has recently been made look- 
ing to the prevention of arteriosclerosis is the work that has been done 
on what may be termed presclerotic conditions, of which none is more 
important than hypertension. Although hypertension and arteriosclerosis 
are in no sense synonymous, and hypertension cannot be said to be the 
cause of arteriosclerosis, it is undeniable that long continued elevation 
of blood pressure ultimately is associated with vascular changes due 
to the strain to which the arterial walls are subjected. This is particu- 
larly true in diffuse hyperplastic arteriolar disease. It is not surprising, 
therefore, that much effort has been directed to devising some method 
of reducing hypertension, particularly in that group of patients in whom 
the increased blood pressure is dependent presumably upon arteriolar 
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spasm and not secondary to cltronic renal disease, hyperthyroidism, 
other endocrine disturbances or heart disease; a group, usually of 
younger age, suffering from the condition commonly referred to as es- 
sential hypertension. 

It may be stated that the results of drug therapy in hypertension 
have been uniformly discouraging. Vasodilators, such as the nitrites, 
acetylcholine, sulphocyanate, aminophylline, have their place in the 
treatment of hypertensive paroxysms but are of no permanent value. 
The continuous use of small daily doses of suitable sedatives, which 
lower the patient’s response to external stimuli, are of more value. 

With the failure of medical measures to control hypertension, it is 
but natural that recourse should be had to surgerj’-. On the assumption 
that the abnormal increase in blood pressure is the result of disturbances 
in the sympathetic nervous mechanism, operations have been devised 
ndiich involve extensive sympathectomy. These include section of the 
anterior spinal nerve roots from about the 6th thoracic to the 2 nd lum- 
bar and section of the major and minor splanchnic nerves above and 
below the diaphragm. In some techniques partial removal of the adrenal 
glands has been combined with these procedures. These operative meas- 
ures have been thoroughly discussed in the literature. From certain 
clinics have come encouraging reports indicating that in properly se- 
lected cases a definite reduction in blood pressure has been obtained 
uTich, in some instances, has persisted. The operation is a major surgi- 
cal undertaking which involves prolonged hospital care and is not nuth- 
out definite risks. At present the results can hardly be said to be so con- 
sistently good as to justify its wide application. 

A simpler and safer procedure is x-ray therapy, over the adrenals, 
the carotid sinus and the region of the pituitary. Such a plan has been 
followed recently by George Griffith of Philadelphia and his associates 
whose results are as yet unpublished. They have obsen'^ed a permanent 
and satisfactor)'- lowering of the blood pressure in an encouraging per- 
centage of over one hundred patients with hypertension who were sub- 
jected to x-ray treatment. The plan consists of a series of six properly 
regulated x-ray exposures followed by an inten^al of from four to six 
weeks when it is repeated. Rarely more than two or three series of ex- 
posures are necessar}^ to secure persistent and definite lowering of the 
blood pressure. 

The most outstanding work on the etiolog)* of hypertension and the 
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possibilities of its ultimate control has been that of Goldblatt and his 
associates who found that the production of renal ischemia, by clamping 
the renal artery in dogs and monkeys, could produce hypertension sim- 
ilar to that found in man, and that removal of the kidney the renal 
artery of which had been constricted, brought about a lowering of the 
blood pressure. It would be inappropriate to discuss this problem now 
when you are to be afforded an opportunity to hear Dr. Goldblatt on 
this subject. Suffice it to point out that his observations have focused 
the attention of urologists on the role that obstructive uropathies and 
other conditions that may interfere with renal circulation play at times 
in the production of hypertension. There are now numerous instances 
on record where removal of such obstruction has resulted in a prompt 
and permanent lowering of blood pressure. The possibility of such relief 
should not be overlooked in the study and management of patients who 
present prearteriosclerotic h)^pertension. 

In any consideration of hypertension mention must be made of the 
highly suggestive work that is being carried on by Irvine H. Page, 
A. C. Corcoran and their associates. Their extensive experiments lead 
them to believe that renin, a protein formed in the kidney, and a 
renin-activator substance interact and form a third substance which 
they call “angiotonin.” This latter substance is the true humeral vaso- 
constrictor capable of inducing increased arterial pressure in animals 
comparable to hypertension in man. They further have shown the ex- 
istence in the body of substances which inhibit the action of these 
pressor substances. Other observers, Harrison, Grollman and Williams, 
have also demonstrated the presence of a humeral antipressor substance 
which they believe is elaborated by the kidneys. Although this work is 
still in a purely experimental state, clinical trials are now in progress on 
the effect of these antipressor substances on patients with hypertension. 
It would be premature to attempt to evaluate the practical results of 
these experimental obsen^ations, but it is not too much to hope that they 
will bring us at least nearer to the solution of the all important problem 

of the cause and control of hypertension. 

A second prearteriosclerotic condition in the control of which 
marked strides have been made is diabetes. The relationship benveen 
diabetes and the premature development of arteriosclerosis of the athero- 
matous type is well-recognized and has been clearly discussed by ar 
ren who points out that diabetics have not only more than their .share 
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of arteriosclerosis but it falls to their lot lo or 20 ye^its earlier than 
in the non-diabetic. In the Philadelphia area during the year 1940, there 
u'cre 913 deaths among diabetics. Of this number 337 died with, but not 
of, diabetes. This group included 146 in whom death w'as due to ar- 
teriosclerosis and its consequences. More prompt and effective treat- 
ment of diabetics, therefore, is another important step in the preventive 
treatment of arteriosclerosis. Closely allied to diabetes is the question 
of obesity, the proper control of udiich is also a valuable factor in the 
prophylaxis of arteriosclerosis. 

Of all the suggested causes of arteriosclerosis there is none that is 
so well supported by innumerable careful observations and extensive 
clinical experience as heredity. When Sir ^VilIiam Osier made his oft 
quoted and somewhat facetious remark that the best way to prevent 
arteriosclerosis is to choose one's ancestors, he epitomized our knowledge 
of what is probably the most important factor in its prophylaxis. The 
hereditary control of such a widespread condition as arteriosclerosis 
obviously presents insurmountable difficulties. It leads us into the realm 
of genetics concerning which too little is known and understood by the 
physician. It is to be hoped that the future may bring to both the medical 
and the lay public a better appreciation of the far reaching significance 
of this subject. It is even conceivable that, as time goes on and the 
State assumes more and more regulation of our lives, some effort may 
be made to\vard the control of such conditions as arteriosclerosis by the 
enforced application of eugenic laws. 

There is no subject that has evoked more discussion or that has given 
fadists greater opportunity than the role played by diet both in the 
development and control of arteriosclerosis. Much of the blame that 
has been placed upon diet as a cause of arteriosclerosis is unsupported 
by adequate scientific evidence. The widespread belief that diets high 
jn protein and salt are responsible for vascular degeneration or for un- 
favorably influencing its course are ill-founded. It is true that when, as 
the result of arteriosclerosis, secondaty changes are brought about in 
the heart or kidneys, so that failure of the former or insufficiency of the 
latter may supen-ene, a totally different problem is presented. Under 
such conditions, if the changes in blood chemistry warrant it, restric- 
tions in the intake of proteins, salt and fluid are often necessary. With 
this phase of the subject at the moment we are nor concerned. Atten- 
tion is called to the fact that in certain types of arteriosclerosis, par- 
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ticularly those associated with hypertension, in which arteriolar spasm 
is alleged to be the underlying factor, salt free diets have been advo- 
cated by some observers who have claimed excellent results. The pro- 
cedure is neither desirable nor applicable to arteriosclerosis as a whole. 
The unwarranted restriction of protein and sodium chloride over a long 
period of time has been productive of distinct harm to many, inasmuch 
as it has interfered with their electrolyte balance, impaired their nutri- 
tion and increased their anemia. There is more to be said in favor of 
restricting lipoids in the diet. Experimental evidence indicates that ani- 
mals fed on diets high in cholesterol show lipoid deposits in the aorta. 
In this connection, the work of Leary is most suggestive. By feeding 
rabbits with cholesterol over a long period of time he was able to re- 
produce with considerable fidelity, the lesions of human coronary athe- 
rosis. The results are suggestive though the analogy may not be entirely 
exact in view of the fact that the metabolism of cholesterol in the rab- 
bit is not identical with that in human beings. In countries in which, 
during periods of privation, the population had to subsist upon diets 
that were extremely low in lipoids, the incidence of atherosclerosis mark- 
edly diminished. On the other hand, Mallory calls attendon to die 
fact that during the period when diabetes was treated by a high fat diet, 
there was an alarming increase in the atherosclerosis that accompanies 
that disease. Within the past 48 hours Professor Lester R. Dragstedt of 
the University of Chicago has presented experimental evidence to show 
that the pancreas secretes an hormone called “lipocaic” which enables 
the body to utilize fats, and that absence of this hormone plus a high 

fat diet produces experimental arteritis. 

The effect of diet on longevity and the degenerative diseases of 
old age has been made the subject of a special study by Sherman. He 
holds that nutrition is a factor of equal if not of greater importance 
than heredity in the question of longevity. Sherman believes that if the 
known facts regarding proper diet are applied not only can the average 
life span be increased by 10 per cent but some of the degenerative 
forces within the body can be neutralized. He advocates an optimum 
diet, not merely an adequate diet and suggests that one-fifth of the food 
budget be spent for milk and cream, not less than one-fifth for fresh 
fruit and green vegetables and the remaining three-fifths for bread, but- 
ter, fish and eggs. . ,. 

In the uncomplicated arteriosclerotic who shows no signs of cardiac 
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or renal failure, the effort should be made to retain a state of adequate 
nutrition, avoiding always over nutrition. Because of the tendency to 
anemia so prevalent in many older individuals, the use of liver twice a 
week as well as iron rich foods and iron, is frequently of advantage. It 
would be at variance with the spirit of the times to neglect to mention 
the role of vitamins in the arteriosclerotic’s diet. Sherman is insistent 
that vitamins A and G are essential to the well-being of old people. 
The vitamins probably most needed and most useful are Vitamin B- 
complex and Vitamin C u'^hich may be given liberally. On theoretical 
grounds at least Vitamin D should be used with caution because it may 
prove harmful by increasing calcium deposits in the vascular tree. 

Considerable diversity of opinion exists as to the role that in- 
fection plays in the production of arteriosclerosis. It is however, a sound 
therapeutic principle that whenever known foci of infections exist in 
the arteriosclerotic, they should be removed but in such a way as to 
induce the minimum amount of trauma and shock. There are those n^ho 
lay great stress upon the importance of controlling that somewhat 
vague and ill-understood condition, intestinal toxemia, in the treatment- 
of arteriosclerosis. It is difficult to appraise its significance until our 
knowledge of the subject is crystallized. It is obvious that adequate and 
regular elimination from the gastrointestinal tract is highly desirable. 
On the other hand, the practice of subjecting the arteriosclerotic sub- 
ject periodically to the ordeal of violent purgation or, worse, to the 
much vaunted colonic irrigation is open to serious question. There is no 
adequate or unbiased evidence to indicate that either alcohol or tobacco 
are factors of etiological importance in arteriosclerosis. There is prob- 
ably no harm in their continued moderate and proper use if the life 
habits of the individual are taken into account, and due consideration 
IS given to the kind of a nenmus system with which the patient is 
endowed. 

The abortive and ironical efforts at rejuvenation which from time to 
time have had their enthusiastic advocates scarcely need serious con- 
sideration in a discussion of the treatment of arteriosclerosis. All the 
procedures thus far have failed — a result readily predictable if the path- 
ology of old age is kept in mind. Furthermore, such suggestions are 
basically unsound, both from a biologic and physiologic standpoint, 
since they place undue emphasis upon the single factor of sexual activity. 
Other systems of the body, notably the cardiovascular and nenmus sys- 
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terns are of far more importance in maintaining the health and well- 
being of ageing individuals. Until rejuvenescence of all the body tissues 
can be accomplished, attempts along this line are doomed to failure. 
With the rapid advances that have taken place in endocrinology, it is 
conceivable that ultimately some success in this direction may be ob- 
tained. To date the extravagant claims that have been made are based 
more upon fiction, than upon fact. 

In conclusion, it is evident that although arteriosclerosis is one of the 
commonest conditions encountered by the physician, it is still one of 
the least understood. So long as its etiology remains shrouded in uncer- 
tainty its treatment will continue to be unsatisfactory. Meanwhile, as 
one of the outstanding causes of disability in old age, arteriosclerosis 
presents social, economic and political problems of national scope that 
dare not be ignored and which continue to challenge the scientific ef- 
forts and wisdom of the medical profession. 




JANUARY 1942 


53 


RECENT STUDIES IN THE PRODUCTION 
OF CANCER BY CHEMICAL COMPOUNDS; 
THE CONDITIONED DEFICIENCY 
AS A MECHANISM* 
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discussion of a topic as comprehensive as the chemical 
aspects of cancer must be limited, in order to avoid con- 
fusion, to relatively few phases of the subject. The two 
most important divisions are; first, the induction of can- 
cer in man and animals by chemicals of known constitu- 
tion; and second, the biochemical disturbances present in human beings 
afflicted with cancer of unknown etiology. To provide us with a better 
understanding of the way in which cancer is produced, it is desirable 
to correlate the findings in the organism in which we have caused cancer 
with the findings in the organism bearing a neoplasm of spontaneous 
origin. Perhaps in this way we can obtain an inkling of the etiology of 
cancer and very probably only through a knowledge of the etiology can 
we obtain information which will lead to prevention and cure. 

It is desirable, then, at the outset to review briefly our knowledge of 
the chemical cause af malignant disease. This requires reference to 
Percival Pott,^ the surgeon celebrated for his description of Pott’s frac- 
ture. As you are probably well aware, he also described scrotal cancer 
in chimney sweeps as a disease of industrial origin, due to contact of 
chimney soot vdth the abraded skin of the umrker. AAfith the de^'elopment 
of the coal tar and chemical industry in the middle and late eighteen hun- 
dreds, a mass of clinical information became available by which tar 
and tar products u^ere established as causative of cancer in man. This 
clinical supposition M^as supported by experimental evidence when in 
1912 Yamagiwa and Ichikawa- produced cancer of the rabbit’s ear by 
the persistent application of gas-works tar. This classic experiment 
provided in an animal a suitable test object for the carcinogenic effect 

* Read March 21, 1941 in the Friday Afternoon Lecture Series of The New York Academy of Medicine. 
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of chemicals, and led to the isolation from tar of pure compounds which 
were capable of inducing malignant disease (Cook and his co-workers®) . 
As soon as these investigators had isolated one such substance, they im- 
mediately began to create, in the laboratory, many synthetic compounds 
structurally allied to it. This was done in an attempt to ascertain what 
peculiarity of chemical structure was responsible for the pathogenic 
effect. They found that, whereas no absolute rule could be laid down, 
most of the active substances produced were composed of benzene rings 
linked together, and whereas some modifications did not seem to impair 
activity, others, though very slight, removed completely the effectiveness. 

While all this work was going on in other laboratories, an apparently 
unrelated but actually rather similar study was in progress. Many years 
ago Leo Loeb'* observed that the implantation of ovarian tissue into cas- 
trated male mice resulted in the production, not only of female breast 
structure, but also of cancer of the affected breasts. This observation 
suggested, of course, the hypothesis that some secretion of the ovary 
played a role in the production in mice of breast cancer. The correct- 
ness of this hypothesis was proved with the development, in the labo- 
ratories of sterol chemistry, of methods for the isolation of pure sex 
hormones. By these methods it was shown that the biological effect of 
the ovary is due to three chemically similar compounds: estrone, estriol, 
and estradiol." All three were found to be productive of breast cancer in 
mice, and the effect was in proportion to the relative abilities of the 
compounds to induce estrus. Aforeover, at about the time that these 
studies were in progress, the establishment by the chemists of the struc- 
tural formulae of the compounds made clear another significant fact. 
They resembled distantly in some respects the chemicals which Cook 
and his co-workers had derived from tar and found to be carcinogenic. 

Here, again, the implication was clear. Certain compounds composed 
of multiple benzene rings, to which the body was exposed, either by 
external contact or from the processes of its own metabolic activity, 
possessed the power of causing cancer. 

Another equally important fact became apparent from these studies. 
Not all mice possessed the same susceptibility to cancer produced by the 
administration of the pure carcinogenic compounds. Indeed, certain 
strains of mice are entirely immune to breast cancer which results from 
the administration of estrogenic substance.® Furthermore, the strains 
which are susceptible are the strains which tend to develop breast cancer 
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spontaneously. The carcinogenic substances of the type derived from 
tar will induce cancer in almost all strains of mice, but careful breeding 
experiments show that here, again, there are distinct differences in the 
susceptibility." 

Not only do strain differences exist, but also different species of 
animals show marked variations in their tendency to develop cancer as 
a result of exposure to these compounds. Whereas mice are very likely 
to do so, guinea pigs are much less so, and rabbits almost not all. In the 
primates, such as monkey or man, neither the synthesized tar constitu- 
ents nor the sex hormones have been shown conclusively to have pro- 
duced cancer. This extraordinary difference in susceptibility leads one 
to consider immediately the possibility that various species and various 
strains of the same species may differ in the manner in which they han- 
dle, destroy or detoxify those substances which have been shown to 
produce cancer. Obviously, if such a mechanism of detoxification could 
be shown to exist and the method by which it operates detected, it might 
be possible so to enhance detoxification that one could render immune 
an animal or a species ordinarily susceptible. Furthermore, if one could 
detect the mechanism of detoxification one could test various strains of 
animals, or indeed man himself, for the ability to effect this detoxifica- 
tion. Thus one would possess two powerful weapons: a method for the 
detection of the susceptible individual and a method for rendering him 
insusceptible. Such desirable objectives appeared to warrant a serious 
study of the manner in which animals dispose of and supposedly detox- 
ify substances of a type which we know to be cancer-producing. 

With this aim in view, some years ago at the Hospital of the Rocke- 
feller Institute, Dobriner and I began studies of the manner in which 
rabbits, rats and mice handle administered carcinogenic substances. AVe 
had two very distinct leads. Cook and his associates® had made the ob- 
servation that none of their synthetic cancer-producing chemicals w'ere 
active if a molecule of oxygen and one of hydrogen, grouped together 
as a hydroxyl group, were added to the original structure. Boyland,® in 
England, had studied the manner in which animals handled dibenzan- 
thracene, one of the compounds with which Cook had worked. He 
found that these animals excreted a phenolic, or hydrox}dated, diben- 
zanthracene. 

With these ttvo observations at hand, our task was relatively simple. 
We only had to devise a suitably sensitive method for the detection of 
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dibenzanthracene and derivatives of it. With the aid of a grant from the 
^ Rockefeller Foundation, it was possible to apply the technique of ab- 
sorption spectroscopy to this problem.^® You are probably aware that 
benzene-like hydrocarbons containing double bonds absorb certain wave 
lengths of ultraviolet light in a characteristic manner. By this character- 
istic absorption, it is possible to identify the compound causing it, even 
though the substance is present in exceedingly low concentration. Such 
an identification is more specific than any chemical method short of the 
actual isolation of the compound, and isolation is not possible when one 
deals VTth such very small amounts of material as those to which we 
were restricted. Once our method was perfected and applied, it was 
possible to show quickly and easily that if we injected dibenzanthracene 
into a rabbit, the animal excreted a small amount of the substance we 
injected as well as a large amount of some allied but quite different com- 
pound. This was equally true of the rat and the mouse. Furthermore, by 
chemical reactions we knew that the injected substance contained no 
hydroxyl group, vTereas one or more were present in the material ex- 
creted. By the combination of chemical and spectroscopic methods, we 
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isolated the hydroxy dibenzanthracene into which the rabbit had con- 
verted the injected dibenzanthracene and acquired a sufficient amount 
of this new substance, to test its power to produce cancer (Fig. i). 
Through the courtesy of Clara Lynch of the Rockefeller Institute, we 
were provided with twenty-four mice of a strain highly susceptible to 
the carcinogenic effect of dibenzanthracene. Twelve animals ^^"ere in- 
jected each with 4 mg. of that compound in oil, and nvelve littermates 
of these animals each with 4 mg. of the dihydroxydibenzanthracene. All 
of the mice which received dibenzanthracene developed tumors at the 
site of injection, while none of those which received the dihydroxy com- 
pound did so. It seemed clear that the rabbit, at least, converted diben- 
zantliracene into a non-carcinogenic hydroxy derivative, and hence the 
conversion could be considered to be a protective one. Only recently a 
confirmatory study has been published by Boyland.^^ Once the fact of 
a protective conversion was established, it became important to ascertain 
upon what factors it might depend. 

We speculated a great deal concerning what role in the conversion 
might be played by vitamins because we knew that many of the im- 
portant chemical processes of the body were carried out by enzymes or 
ferments of which vitamins form essential parts. Furthermore, we sus- 
pected that the conversion of dibenzanthracene took place in the liver 
and we were aware that the liver is rich in vitamins because it is there 
that the enzyme systems for which vitamins are essential are particularly 
active and numerous. We immediately attempted to ascertain whether a 
deficiency of vitamins played any role in the ability of the animal to 
detoxify dibenzanthracene. Unfortunately, trouble was immediately en- 
countered because our methods, while qualitatively excellent, were quan- 
titatively insufficiently accurate to provide us with unequivocal informa- 
tion. 

By sheer good fortune, however, just at that time an ideal experiment 
came to hand through the work of the Japanese group headed by Kjno- 
sita.^- This investigator had obser\’-ed that a dye, butter yellow, com- 
posed of t^vo benzene rings linked together, regularly caused liver cancer 
in rats fed a diet composed of unpolished rice and carrot. If liver or 
yeast was added to this regime, no cancer occurred. Here, clearly, was 
an exqjeriment in vdiich a dietary* constituent rich in its content of the 
vitamins of the B complex was protective against induced cancer. To 
what was this effect due? An elaborate series of experiments has been 
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carried out, and it will not be profitable here to discuss all of them in 
detail/^ Certain facts were made clear, hoM^ever. In the unpolished rice 
and carrot diet fed by Kinosita, at least rum factors are lacking. One of 
these is a pure vitamin, riboflavin, and the other is a so far unidentified 
constituent of casein,^"* When these tx^m substances are fed as a supple- 
ment to the rice diet, distinct, though incomplete, protection is provided. 
It is clear, then, that for the first time it has been shown that a deficiency 
of dietary constituents can render animals susceptible to one type of 
cancer and that supplement with those constituents protects them almost 
completely. 

To ascertain what factor or factors were lacking in the diet of un- 
polished rice, it was necessary to establish, if possible, the existence of 
any deficiency in the bodies of the animals susceptible because of the 
diet. Since the liver is the principal site of action of those chemical sys- 
tems called enzymes which depend for their activity upon the presence 
of vitamins in their molecules, it was reasonable to examine the content 
of vitamins in the livers of the susceptible rats. This was done by Kensler 
and his co-workers^“ in my laboratory. 

A chemical method was available for the measurement of one im- 
portant vitamin, riboflavin, but no procedure for the estimation of the 
activities of the enzyme systems in which it functions was at hand. A 
very small amount of riboflavin was found in the livers of the rats fed 
the rice diet which rendered them susceptible to liver cancer from butter 
yellow. Furthermore, the content of riboflavin in the rice was less than 
is supposed to be the minimum amount required to keep rats in good 
health. Moreover, the amount of riboflavin excreted by the rats taking 
the rice diet for a considerable period was very much lower than the 
amount excreted by normal rats. When the carcinogen, butter yellov% 
was added to the diets, the animals eating it apparently spilled in the 
urine their reserve riboflavin. Lastly, as previously stated, the addi- 
tion of riboflavin with casein to the deficient diet afforded definite, 
though incomplete, protection against the cancer. In short, from the 
evidence presented the fact was clear that riboflavin participated in 
some way in the protective effect provided by dietary supplements, and 
that its lack played some role in inducing susceptibility to cancer pro- 
duction by butter yellow. 

The importance of riboflavin in the etiological mechanism suggested 
immediately that the vitamin interacted in some way with the chemical 
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which caused the cancer and perhaps had to do with its detoxification. 
The validity of this suggestion still remains to be established, although 
it is still under investigation in my laboratory. The possibility itself, how- 
ever, warranted a study of the activity, in the livers of the various groups 
of animals, of the kinetic enzyme systems of which vitamins form essen- 
tial parts. 

As stated before, no method was available for the measurement of 
any riboflavin enzyme. Dexter, in my laboratory, had developed, how- 
ever, an excellent and relatively simple procedure for the measurement 
of the activity of Coenzyme I or diphosphopyridine nucleotide. That 
enzyme system is concerned with fermentation and depends upon the 
vitamin nicotinic acid as an essential constituent. Kensler^® applied this 
method to the study of the livers of the experimental animals. The re- 
sults provided particularly significant information. In the rats fed only 
the diet which makes them susceptible to cancer from butter yellow, the 
livers showed no decrease in the content of Coenzyme I. If butter yellow'' 
w''as added to the diet, hotvever, a prompt and serious decrease in the 
amount of the coenzyme occurred. This drop developed long before 
the malignant new grotvth w^as apparent and could not be correlated 
with simple destruction of liver tissue. The Coenzyme I content of the 
tumor w''as even low''er than the content of the substance in the adjacent 
non-malignant liver tissue. On the other hand, if the deficient diet and 
butter yellow'- were fed wdth some protective supplement, such as yeast, 
perfectly normal liver levels of Coenzyme I w^ere found, and, of course, 
no cancer occurred. 

The obsen'ation just described w'as of considerable fundamental im- 
portance. It proved, for one thing, that a liver cell cancer could grow'^ 
w^idely and rapidly, apparently w^ell-nourished, even though its content 
of an essential vitamin, riboflavin, w^as much low'^er than was found in 
normal liver tissue. iVIore striking still, the observ’^ations proved that the 
administration of the cancer-producing chemical interfered in some w'ay 
wdth the activity of an enzyme system. Coenzyme I, of w'hich another 
essential vitamin, nicotinic acid, is a part wdthout w'hich the enzyme w'ill 
not operate. AVe w^cre certain that the diets contained adequate amounts 
of the vitamin and, furthermore, the rat has been shown not to require 
dietary nicotinic acid to maintain health. Nevertheless, the vitamin in the 
tissues of the animals used in these experiments W'as certainly made non- 
functional if butter yellow’^ w'as fed. In other words, butter yellow'^ 



blocked the activity of nicotinic acid in the livers of the experimental 
rats. Hence, no matter how much free nicotinic acid was available, the 
livers were in a state of nicotinic acid deficiency as serious as that found 
in the livers of dogs with black tongue, the analogue of pellagra in man. 

It appeared, then, that a “conditioned deficiency” clearly had been 
established; a vitamin deficiency due, not to failure of the animal to 
ingest the vitamin, but to some interference with the function of the 
vitamin in the form in which it is biologically active. The existence of 
such a “conditioned deficiency” had been postulated previously, but it 
had not been proved to exist. What implication, then, has the fact that 
a pure chemical, in this instance the carcinogen butter yellow, had been 
shown to cause disease, in this instance cancer, by blocking the func- 
tional activity of a vitamin, in this instance nicotinic acid? The principle 
of the “conditioned deficiency” so demonstrated might be applicable 
to any number of disease processes hitherto poorly understood. 

Further proof of the thesis of the “conditioned deficiency” was re- 
quired. It was obtained as follows: Clearly, the oral administration of 
carcinogenic butter yellow produced a serious loss of Coenzyme I (the 
enzyme which contained nicotinic acid) activity in the livers of the 
treated animals. Hence, an in vitro test should be possible, as follows: 
Butter yellow, or some metabolic product of it, should decrease the rate 
of respiration of the surviving liver slice, a rate dependent in part upon 
the function of Coenzyme I. More specifically, and more conclusively, 
the carcinogen or its metabolites should block, in the test tube, the func- 
tion of the nicotinic acid-dependent Coenzyme I. 

To make the experiment required the isolation and identification of 
the breakdown products of butter yellow excreted by animals fed that 
compound. This was done in my laboratory by Dobriner and Steven- 
son.^® The chemical steps involved, as discovered by these investigators, 
are presented schematically in Fig. 2. Amido-phenol and paraphenylene 
diamine, both free and both acetylated, were isolated from the urine 
of rats fed butter yellow. These, with the carcinogen originally ad- 
ministered, gave five compounds to test in vitro for their effects on the 
pure Coenzyme I system. These tests were made and very interesting 
results obtained. Only one of the metabolic products, paraphenylene 
diamine, inhibited the activity of the enzyme system. The other four 
were almost wholly inactive. 

This observation suggested immediately the trial of dimethyl para- 
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phenylene diamine A^diich, though not isolated, probably is the pre- 
cursor in the liver of the paraphenylene diamine formed by the meta- 
bolic breakdown of butter yellow in the body. The dimethyl compound 
was tested and was found to be even more toxic to the Coenzyme I 
than tvas the simpler compound into uTich it is converted. The results 
of these experiments on the toxicity of the various butter yellow meta- 
bolites are presented in Table I.^‘ It should be noted that the conversion 
by the body of the paraphenylene diamine as well as of the dimethyl 
compound to acetyl derivatives is a detoxification mechanism, since the 
acet\lated substances are completely without toxic effect on the enzyme 
system studied. 

From the experiments just described, then, evidence was provided 
to substantiate our original assumption. That is, that the adimnisti'ation 
of at least one carcinogenic chenncal injured normal cells by interfering 
in some aeay acith an enzyme system avhich is essential for their normal 
chemical fxinction and so their normal life. The results suggested, fur- 
thermore, that this principle of the poisoning by a specific chemical of 
at least one, and possibly more than one, normal enzyme system caused 



THE BULLETIN 


6 2 


Taiii,k I 

Effect of Acetylation on Toxicity 


System 

mm. CO™ in 
1st hour 


488 

Control and dimetli 3 'lparaf)henylenedianiinc 

78 

Control and acetyldimethylparaplienvlenediamine 

520 

Control and paraphenylenediamine 

95 

Control and mono-acetylphenylenediamine 

488 

Control and diacetylphenylenediamine 

Concentration of comjiounds = 1 x 10-“ molar 

498 


the normal cell to become a cancer cell. An analogy can be drawn, per- 
haps, to the polycythemia which occurs in human beings as an adjust- 
ment to the anoxemia of great altitudes. Even more pertinent, possibly, 
is the analogy to the mutations which result from the persistent exposure 
of tissues to such physical agents as x-ray. 

If these analogies hold; that is, if some permanent alteration of liver 
cells is caused by the prolonged poisoning of a normally required en- 
zyme system, and if this alteration is characteristic of the cancer cell, 
another experiment should be possible. The fact should be demonstrable 
that the liver cancer cell, produced by the administration of butter yel- 
low and the persistent breakdown of that substance to its derivative di- 
methyl paraphenylene diamine in the liver, is capable of respiring nor- 
mally in the presence of a concentration of the dimethyl compound 
which poisons the respiration of normal cells. This experiment has been 
done, and the results establish the validity of our assumption. The res- 
piration of a normal liver tissue suspension is inhibited by a concentration 
of dimethyl paraphenylene diamine which appears to be without effect 
on the respiration of a suspension of cancer tissue which developed sup- 
posedly as the result of the intoxication of normal liver tissue by the 
same compound. This difference does not hold for liver slice, however, 
and we have no explanation at present for this fact. In short, the en- 
zymes of the cancer cell can operate in the presence of a compound 
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which, in the same concentration, is poisonous to the enzymes of the nor- 
mal cell. 

It appears probable, then, that as far as liver cancer is concerned, 
the malignant cell differs radically, as concerns the chemical systems 
which make its life possible, from the normal cell from which it is de- 
rived. It appears likely, furthermore, that this chemical difference is 
due to the change required to enable the cell to survive in spite of a 
chemically induced “conditioned deficiency” disease. 

I am sure that the question will be asked immediately, “What bear- 
ing have the results of this set of experiments on the cause and cure of 
cancer in man.^” It is not possible to answer this question at the present 
time. This much may be said, however. The studies suggest the neces- 
sity of a careful and precise examination of a large number of patients 
bearing malignant neoplasms in order to ascertain whether or not they 
shov' any evidence of an interference with chemical systems of which 
vitamins form essential components. Even more important, however, 
would be studies based upon the evidence presented that at least one 
type of malignant cell, that of butter yellow liver cancer in the rat, is 
immune to the chemical which probably causes it to develop. 

If evidence of a “conditioned deficiency” in man were obtained, 
and if we knew exactly upon what alterations it depended, the cor- 
rection of the disorder, and so the prevention of cancer, might be con- 
ceivable. If the second suggestion is confirmed and other types of mal- 
ignant cells proved to differ from the normal cells of their origin in 
respect to their resistance to pure chemicals, the road to chemotherapy 
might be opened. 

Both of these hypotheses are wholly speculative at present, and fur- 
ther study may M’ell prove both to be untenable. Until such evidence 
is at hand, however, it is at least of some interest, and may be of some 
importance, to speculate about the “conditioned deficiency” and the 
induction of malignant neoplasms. 
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THE HISTORY OF FEVER THERAPY IN THE 
TREATMENT OF DISEASE"^ 

V’lLLIAM BiERAIAN 

AtteiidiiiB Physician in Pliysical Therapy, The Mount Sinai Hospital 



■‘^HE idea that fever is a method of therapy may be traced 
back to the early days of wTitten histoI:)^ “Give me the 


power to produce fever, and I will cure all disease,” is a 
quotation attributed to Hippocrates more than twenty- 
three hundred years ago. Ruphos of Ephesus, four hun- 
dred and fift)^ years afterwards, said: “If indeed any were so good a 
physician as to be able to produce fever, it would not be necessary to 
look for any other remedy in sickness.” 

The production of fever as a therapeutic procedure had to wait 
centuries, liowever, for advances in chemistr}’^, physics, mathematics, 
and medical sciences. The development of fever therapy can be divided 
into empirical and scientific eras. The borderline between these two 
eras was tltermometr)^ whiclr was introduced in the early parr of the 
Seventeenth Centur}’’ by Galileo and Sanctorius, and developed in the 
second half of the Nineteenth Centur}’' by Wunderlich and Allbutt. 


E.MPIRIC4L Era 


The origin of therapeutic fever lies buried in medical antiquity. 
"While the rays of the sun have therapeutic value, other than their heat- 
ing effects, nevertheless, earl}- physicians used them solely for these 
effects. Heat was also applied to locallv* affected parts of the body and 
to its entirety by means of hot water, steam, sand, and mud baths. It is 
probably true that the ancient therapist might not have been aware of 
the fact that by these physical means he produced a rise in body temper- 
ature. HoM-ever, our present knondedge of thermotherapy leads us to 
the reasonable conclusion, based upon the descriptions of the techniques 
used, that sufficient heating energ}’- was frequendy employed to accom- 
plish such an elevation of tystemic temperature. 

Eg}'prian physicians during the Fifth Centuty B. C. applied rules for 


tile joint ineetinB of the^ Section of Historical and Cultural .Medicine of 
The Acw ^ork .\cadem.v of Medicine, and the New York Physical Therapy Society. 
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sun and heat therapy. In the encyclopedic compilations of Oribasius 
(325-403 A. D.) of Constantinople, are found quotations from Herodo- 
tus, the historian of the Fifth Century B. C., referring to this phase of 
Egyptian medicine. 

Natural hot air caverns connected with volcanic sources were util- 
ized (Oribasius, X, 40). The epic poet Homer (Fifth Century B. C.) 
clearly established that hot baths for medical purposes were common 
among the Greeks before the Age of Pericles. 

Hippocrates had ideas as to the significance of fever, and modern 
concepts as to its possibilities. He prescribed hot water and steam baths 
for “thickened” and “tense” skin, for “spasticity” and for pains of the 
extremities as well as of the torso. Illustrative is the case history of a 
man of Athens who was affected with a severe pruritus of his entire 
body. The skin in all regions was so thickened that he had the appear- 
ance of a leper and it was impossible to pinch up the skin anywhere. 
No one had been able to relieve him. Hippocrates ordered him to go to 
the Island of Melos where there were hot baths. There he became entirely 
cured of his itching and the thickening of the skin, but he developed a 
dropsy and died. This man may have had one of the chronic dermatoses 
for the treatment of which dermatologists are now finding fever therapy 
to be of value. It is also possible that this patient may have received 
burns sufficiently extensive to cause a nephritis which proved fatal. 

Among contraindications, Hippocrates mentioned repeated or pro- 
fuse nasal hemorrhage, which, as an evidence of hypertension, would 
be included in modern contraindications for fever therapy. 

During the reign of Tiberius Caesar, 42 B. C.-37 A. D., Aurelius 
Cornelius Celsus described the prevailing medical procedures and ideas 
regarding fever and heat. He wrote of a certain Pretonius who treated 
persons attacked by fever somewhat as follows: “He had the patient 
well covered up to excite at the same time a violent heat and thirst. 
When the fever began to abate somewhat, he made him drink cold water. 
If he broke out in a violent sweat, the patient was considered cured.” 
“Heat,” Celsus wrote, “acts well in eye diseases which are without pain 
and lachrymation. It is good for all sorts of ulcers but principally those 
due to cold.” The techniques of heat application included wet fomenta- 
tions, dry packs, steam baths, hot air baths, and sun baths. Celsus 
claimed that ordinarily heat would “relax the skin and draw forth cor- 
rupt humors, and change the condition of the body. 
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Galen wrote: “It is probable that Erasistratus (an Alexandrian anat- 
omist of the Fourth Century B. C.) was not unaware of the method of 
treating cases of dropsy by heating in the barrel, a treatment which is 
highly estimated by other ancient physicians. Indeed, the patients ex- 
perienced for the entire body an evacuation (sweating) much greatei: 
and sooner than in the bath. However, they did not suffer from the heat 
because they breathed cold air, their heads being outside. If they are 
deprived of this air, they die quickly.” {Dentil respir. 4. t. iv.) 

Coelius Aurelianus treated wasting, hemoptysis, and dropsy with dry 
hot air and hot sand baths. A description of the early hot sand bath is 
found in the works of Oribasius {Orib. Col. X, 8). “The summer time 
is the best because one can then choose the hottest day. Toward morn- 
ing, there are prepared on the river bank in the deep sand, two or three 
trenches. These are allowed to become thoroughly heated by the sun. 
The patient should have digested his last meal and also taken a previous 
walk or at least had some passive movement. When the air is sufficiently 
warm and the sand sufficiently heated the patient is laid in the trench 
and covered with the hot sand as much as he can comfortably bear. 
The head must be protected from the sun. His face is wiped with a 
sponge dipped in cold water and if he suffers much he is given some- 
thing with \vhich to rinse his mouth. If the patient perceives that his 
body docs not heat up at all or that he even becomes chilly because of 
the sweating he should say so. The attendant will then remove the sand, 
take him out of the trench, and will place him in the trench alongside 
in the same way as described above. If necessarj'^, this may be done a 
third time being guided by the different conditions and according to 
their strengths.” 

The American Indians treated fevers with heat. William Penn in a 
letter to Edward Baynard, a fellow of the Royal College of Physicians, 
described how an Indian Chief obtained almost immediate relief from 
an illness associated with fever by the use of hot vapor baths. Among 
the early Americans, the sweat bath was a favorite therapeutic measure, 
especially for acute fevers. Arthritis, neuritis, and rheumatism, common 
among these Indians, were not distinguished from each other, but were 
all treated alike with the sweat bath. Carolina Indians used hot mud 
holes for treating various diseases of the extremities. Remittent and 
other forms of fever prevalent among the inhabitants of Northern Af- 
rica, ere treated by sweating induced by hot sand and hot water baths. 
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The Chinese and the Japanese were among the earliest peoples to use 
their intensely hot springs for therapeutic purposes. In Japan the vol- 
canic formations gave rise to many hot springs. These thermal springs 
were used for the treatment of all forms of syphilis, arthritis, rheuma- 
tism, acute genito-urinary infections, and respiratory, digestive, nervous 
and ocular diseases. They have been very popular throughout the Jap- 
anese empire since the Sixteenth Century and enjoyed local renown for 
several centuries before that time. Indeed, the use of the thousands of 
hot springs in Japan was common among all classes of the populace as 
one of the most important cures long before the introduction of Euro- 
pean medicine. At Kusatsu, water gushes out of the bases of ancient 
volcanoes at a temperature between ioo° F. and i6o°F. As the water 
flows into reservoirs, it is unbearably hot, and the bathers stir it with 
large wooden paddles, thereby cooling it. They then immerse them- 
selves to the neck and pour hot water over their heads with wooden 
dippers. After three to six minutes of this refined torture, they bob out 
almost parboiled with a body temperature of between 103 and 105 F. 

Scientific Era 

The research techniques developed during the Seventeenth, Eight- 
eenth, and Nineteenth Centuries, permitted medical practice to pass 
from the stage of philosophic argument to scientific reasoning. Galileo 
in 1595 invented the thermometer, which may be said to have brought 
science to fever and heat therapy. Galileo’s thermometer was the open- 
air alcohol thermoscope. Shortly afterward, in 16 ii, Sanctorius intro- 
duced this device to clinical medicine. Sanctorius investigated the cause 
and nature of body temperature. To carry out his studies, he devised- 
the pulsilogium, an instrument for studying the pulse, and applied 
Galileo’s thermoscope. He recognized that the human body has a nor 
mal temperature and determined variations from the normal as an aid 

to diagnosis. 

In 1648, Von Helmuth also began to use a clinical thermometer, 
designed by Leurchon, the Frenchman, who in 1624 gave the name 
“thermometer” to the instrument. 

Ferdinand II, Grand Duke of Tuscany, hermetically sealed the open 
end of Galileo’s thermometer in 1641. Robert Hooke of England, in 
1664, proposed that the freezing point of water be taken as one fixed 
point on the thermometer scale. It is believed that in 1684 he also sug- 
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gestcd the boiling point of water as another fiKed point. 

Fahrenheit described the use of mercury in thermometers in 1714. 
Herman Boerhaave (1668-1738) of Leyden, the founder of “eclectic” 
medicine, had been interested in fever and temperature reactions. He 
directed Fahrenheit to make him some thermometers for clinical use. 

In 1742, Celsius of Upsala, an astronomer, proposed “zero” as the 
boiling point of water and “100” as the temperature of melting ice. The 
change to modern Centigrade was made independently by two scientists,. 
Christin of Lyons, and Stromer, a colleague of Celsius, Stromer inverted 
iiis friend’s scale and this revised instrument \vas used e.vpcrimentallv at 
Upsala in 1750. 

Some of the authors of the Sixteenth and Seventeenth Centuries 
regarded fever as nature’s means of healing, Gomez Pereira and Solen- 
ander pointed out the common belief of the Italians that tertiana had a 
cleansing effect. Primrose quoted the belief of people in England that 
malaria was beneficial. 

An engraving by Jacques Lainet (Paris, 1659) represented the com- 
bination of mercury and heat for the treatment of syphilis. Fumiga- 
tions with mercury were carried out in an oven. The intense sweating 
along with salivation, was thought to rid the body of disease poisons. 
“For one pleasure, a thousand pains” was the significant inscription on 
the oven. 

In attempts to discover the c.\act influence of hear, Boerhaave and 
his pupil, Prevoost, and Fahrenheit put animals into heated ovens. They 
1 1 t a do^ and a cat died in twenty-eight minutes at a tempera- 
ture equivalent to 73° C., vEile a sparrow died in seven minutes. 

Influenced by Sydenham’s views and by his own observ^ations, Boer- 
haave finally concluded that fever must not be fought under any cir- 
cumstances. He wished, he said, that he could produce the febrile curing 
action by artificial means. “I would be,” he said, “the greatest physician 
if I could produce intermittent fever as easily as suppress it.” 

John Hunter (1728-1793), the English surgeon, also used the ther- 
mometer. Both he and DeHaan opposed the view that the production 
of heat in the body was due to friction of blood moving in the vessels. 
George Alartinc, of Scotland, in 1740 published his clinical-thermo- 
mctric obscn*ations in a paper called “Essays and Obsen-ations.” 

Boerhaave’s praise of fever caused a controversy that has persisted 
up to the present time. Gaub. one of Boerhaave’s pupils, believed that 
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although fever was often salutary, nevertheless, it sometimes was fraught 
with great danger, especially to the circulation. 

In 1790, Metzler made an interesting observation on malarial therapy 
in' a treatise, “On the Advantages of Fever in Long Standing Diseases.” 
This treatise, published in Ulm, was one of the early prophesies of the 
future therapeutic use of malaria. Metzler wrote: “Vigorot, Broussonet 
and myself sent patients with congested bowels to such places where 
they have soon been cured by intermittent salutations fever.” 

An important theory on the cause of fever was offered by William 
Cullen of Edinburgh, in 1777. It was based on the newly acquired facts 
in the budding field of neuropathology. Virchow one hundred years 
later was a protagonist of this theory. An elevated temperature of the 
body, Cullen said, was a paralytic symptom due to depression of a 
natural influence on heat production. Any disease could become febrile 
if it extended to the centers of metabolism and suppressed the moderat- 
ing effect of these centers. Febrile patients were, therefore, subjected to 
cooling measures by Cullen and his followers. 

With rare exceptions, no attempt was made prior to the work of 
Wunderlich, to obtain more than one or two temperature recordings 
during an illness. Davy (1788-1829) in mapping out physiologic varia- 
tions, and Traube (1818-1876), closely following the influence of digi- 
talis on the body’s temperature, were among the few who made fre- 
quent observations during a twenty-four hour period. The importance 
of such continued readings escaped them. Traube denied that fever de- 
pended upon increased production of heat. Lavoisier s theory of com- 
bustion and oxidation had postulated this relationship. 

Up to the time of J. Clasius (1850) heat was generally regarded as a 
material substance. Only after Lord Kelvin (Sir Thomson) in 1849 
established his absolute scale of temperature and Clasius and Helmholtz 
in 1850 worked out the mathematical laws governing heat transforma- 
tion was the scientific framework for clinical thermometry laid. 

In 1868, Carl Wunderlich published his classic on animal heat. Wun- 
derlich demonstrated the diagnostic and prognostic importance of con- 
tinued temperature observations during the course of a disease. He 
recorded the temperature of patients every four hours and constructed 
charts showing its variations. When he stated that fever was a symptom 
and not a disease, Wunderlich prepared the way for studies on -heat 
production and fever. Wunderlich’s method of attaining rectal tempera- 
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ture curves characteristic of various diseases spread quickly through 
England and Germany. 

The period of the Nineteenth Century that witnessed the introduc- 
tion of thermometry into clinical medicine was characterized also by 
advances in knowledge concerning infectious diseases. The record of the 
temperature of the body became one of the principal means of char- 
acterizing various febrile affections and of recognizing complications of 
these diseases. The close association of infection with fever was soon 
established and stressed so energetically that at present physicians find it 
difficult to avoid using one as an indication of the other. Thermometers 
had begun to make their appearance in numerous English hospitals dur- 
ing 1866-1867, and became generally accepted within the next two 
years. These were axillary thermometers, large, ten inches long, clumsy, 
and took five minutes to register. Sir Clifford Allbutt in 1868 reduced 
their size and devised the clinical mercury thermometer with which we 
are familiar. Resistance thermometers and thermocouples now permit of 
the continuous observation and automatic recording of temperature. 
Thanks to these advances, the thermometer, well-established as the in- 
valuable tool of the diagnostician, has become the compass of the fever 
therapist. 

The practitioners of the ancient and of the medieval world had made 
therapeutic use of fever produced by physical means on an empiric basis. 
They did not realize the physiologic significance of the procedure. The 
voices of those who reacclaimed the value of systemic temperature ele- 
vation and stated that fever is a natural mechanism of defense A^’^ere 
drovmed out under a deluge of antipyretics. Cool packs, shoAvers, and 
baths, snoAA'^ and ice AA'^ere applied AAUth such diligence that at times the 
doctor in concentrating on his efforts' to reduce the fever forgot the 
patient, and accidents occurred. Less dangerous and simpler antipyretic 
measures AA-ere sought. Sydenham had called attention to the A^alue of 
quinine in treating the fet'^er of malaria. It came to be generally used for 
the treatment of other diseases associated AAnth temperature eleA’^ation, 
such as typhus, puerperal infections, and tuberculosis. In these cases 
quinine proved unsatisfactory. A search for ncAv antipyretics AA’as there- 
fore begun. Salicylic acid, phenol, antipyrin, antifebrin, amidopyrin, 
foIloAved one another and Avere prescribed alone, alternately, or to- 
gether. Chemists, in their laboratory search for antipyretics, discovered 
many a useful narcotic, analgesic and spasmolytic drug, but the “fcA'^er 
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drug” could not be found. 

When Pfluger (1829-1910), as a result of his physiologic studies, 
ascribed a utilitarian purpose to fever, he was studiously ignored. 
Welch’s supposition, in 1888, that “fever-producing agents light the fire 
which consumes them” found no response until recent years. Virchow 
echoed Cullen. Practitioners maintained a continuous attack on tem- 
perature elevation in disease. The momentum of these opinions has car- 
ried over into our day, so that the alcohol sponge and cold baths still 
are frequently routine, and the combination of acetylsalicylic acid, 
phenacetin and caffein has remained a popular method of “reducing the 
fever.” 

A clearer and more scientific conception of fever and its beneficial 
effects was obtained through several revolutionary medical discoveries 
which resulted in the founding of bacteriology and in an understanding 
of human metabolism, nutrition, and the physiology of the nervous sys- 
tem. I’he bacteriologist has shown that, in order to overcome disease, the 
objective of the clinician should not be the direct suppression of the 
abnormal elevation of temperature, but rather the destruction of the 
foreign agents responsible for inflammation and for fever. Further in- 
vestigations demonstrated that the value of quinine in the treatment of 
malaria was not due to the influence of this drug upon heat production, 
heat loss, and heat regulation, but because of its effect upon the plas- 
modium. The work of men such as Pasteur, Koch, and Behring helped 
to establish the idea that the body fights for itself, that suffering life 
helps itself and the art of the doctor should assist the natural power of 
healing when it is weakened or limited. Modern medicine should no 
longer concentrate its attention upon the number of degrees of tempera- 
ture elevation, but upon the profound change in physiologic activity 
due to this elevation. It should determine to what extent these phe- 
nomena are symptoms of the healthy activity of the organism and to 
what extent they are signs of damage and of loss. We recognize that 
microorganisms are not the only cause of inflammation and of fever, but 
that there are a host of thermic, chemical and toxic causes. 

As early as 1870 Wunderlich declared that fever is a neuropatho- 
logic process. Other outstanding scientists of that time, such as the 
physiologist Johann von Muller, the surgeon Billroth, and the patholo- 
gist, Virchow, agreed that fever is an increase of oxidative processes due 
to stimulation of the central and peripheral nervous system. Experi- 
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mental hyperthermia was produced by the famous brain puncture 
(Warmestich) of .Aronsohn and Sachs (1884), who stiniulated the 
corpus striatum, and by Ott (1891), who stimulated the tuber cinereum. 
The studies of Krehl and his associates further emphasized the neural 
relationship to fever. The work of Krehl confirms more and more the 
famous conception of Liebermeister, who had declared that in fever, 
heat regulation is adjusted to a higher level. 

Space does not permit reference to the work of many men who 
helped develop these fields. These include Lavoisier (1775) who de- 
termined the fundamental fact that the quantity of oxygen absorbed 
and carbon dioxide excreted depends upon food, work, and tempera- 
ture; Joule, who in 1 842 determined the mechanical equivalents of heat; 
Mayer, Helmholtz, Bischoof, Voit, Rubner, Atwater, Benedict, Lusk, 
Bazett and many others. 

In 1883, W. H, PhilHps experimenting upon himself, demonstrated 
that his temperature could be raised to 103° F. by prolonged immersion 
in hot water. Fourteen years later. Hill reported the influence of bath 
temperature upon body temperature and the changes it produced in 
pulse, blood pressure, and alveolar tension. Others confirmed and added 
to these findings. These authors included Fox, Sonntag, Weichbrodt 
and Jahnel, Schamberg, Tseng, Walinski and Mehrtens and Pouppirt. 

Kellogg, in 1894, reported that the body temperature, as indicated 
in the rectum, may rise to 103° F., or even higher, in a prolonged elec- 
tric light bath. Yet no one thought of using his technique for producing 
artificial fever for therapeutic effects until 1929, when Kahler and 
Knollmayer obtained fever temperature by this means. 

With the advent of modern electricity, it was soon recognized that 
one of the effects of an electrical current u'as thermal. However, no 
form of electrothermal treatment had been possible until d’Arsonval in 
1891 evolved his high frequency current, and shou'^ed that it would pass 
through the human body in a volume as great as three amperes, but 
without muscular nervous irritation and causing what he called “an 
unpleasant sensation of heat.” 

Nilcola Tesla, tvorking independently, produced a high frequency 
circuit and reported his results in the same year as d’Arsonval. He noted 
the passage of this current through the body and its lack of effects 
other than heating, which he suggested might be used therapeutically. 
It remained for von Ze\mek, nearly ten years later (1904), working with 
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von Preyss and von Berndt, to demonstrate the therapeutic application 
of this current, von Zeynek called the method thermopenetration, while 
Nagelschmidt finally hit upon the now accepted term diathermy. 

Notwithstanding the voluminous literature upon diathermy accumu- 
lated all over the world, it was not until 1929, nearly forty years after 
d’Arsonval’s discovery, that a sustained fever induced by diathermy was 
used for therapeutic purposes. Neymann and Osborne, King and Cooke, 
raised the body temperature by using jacket-shaped electrodes. By 
means of blankets, they were able to maintain such temperature eleva- 
tions for several hours. 

The recent interest in fever therapy was in a large measure the result 
of work by Wagner- Jaur egg of Vienna and by AVhitney of Schenec- 
tady. Julius AVagner-Jauregg, after twenty years of observation, began 
to inoculate paretic soldiers with malaria in 19 O- Despite some fatalities 
and great resistance from his colleagues, his success was so brilliant that 
ten years later he received the Nobel prize. The beneficial effect of 
malaria in epilepsv had been known to Hippocrates. Its curative effects 
in paresis and in insanity had been recorded in more than one hundred 
and sixty cases before Wagner-Jauregg, according to Maisani. Yet Wag- 
ner-Jauregg’s work popularized this procedure and established its clini- 
cal value so that it received world-wide study. 

In order to achieve the same results a host of less noxious proteins 
than the living malaria plasmodium were tried. Physical agents, such as 
the hot bath, diathermy, and photothermy were also employed. 

In January 1928, Whitney observed that the men working with 
high-powered short wave tubes employed for long range radio trans- 
mfssion complained of headaches and other discomforts. A physician 
examining these men before and after work found that exposure to the 
current developed by these tubes produced two or three degrees of 
temperature elevation. Although Gosset and his co-workers had treate 
tumors on geranium plants by means of short waves in 1924, ^id 
Schereschewsky had employed currents of very short wave length for 
the treatment of animal tumors, these workers did not call special atten- 
tion to the heat-producing effect of these energies. After experimenta- 
tion on small animals, Whitney placed a number of larger highTre- 
quency oscillators at the disposal of a number of us who were especially 
interested in the subject. From these and other sources have come new 
data concerning the physiologic significance of fever and also its thera- 
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peutic possibilities in the treatment of gonorrhea in all of its manifesta- 
tions (including cases resistant to the sulfonamides), syphilis of the 
central nervous system, Sydenham’s chorea, rheumatic fever, and in 
some diseases of the eye and of the skin. A voluminous literature on the 
subject has been developed consisting of books and articles which have 
been printed in leading medical journals. At the First International Con- 
gress on Fever Therapy held in New York in 1937 much of the data 
developed in recent years was summarized. There is evidence of the 
possibility of enhancing the effectiveness of the newer chemical sub- 
stances by combining their use with purposeful elevations of the body 
temperature as in syphilis, gonorrhea, and in subacute bacterial endo- 
carditis. 

This survey of fever research gives but a bare outline of the pains- 
taking work devoted to this subject in the past years. We tend to view 
fever therapy as a modern concept because the techniques which we 
employ to create it are of recent origin. It is therefore of interest 
to note that this method has been employed by some physicians all 
through the period of known medical history. Many of the diseases 
which we treat in this manner today were apparently treated in like 
fashion during the past centuries. It may u'ell be that we still have 
something to learn from the ancients, including Petronius who thought 
that fever should be treated with heat. 

In spite of all these efforts of the past, the significance of fever is not 
sufficiently appreciated today. It is hoped that the precise production of 
hyperthermia and its control in time and degree by means of the new 
methods will prove not only a most useful contribution to therapy, but 
will also start a new chapter in the history of the time-honored problem 
of fever. 
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PROCEEDINGS OF ACADEMY MEETINGS 


S T A T E D M E E T 1 i\’ G S 

Novkjieeh 6 — The New York Academr/ of 
Medicine. Executive Session — a] Read- 
ing of the minutes; b] Amendment to 
By-Laws; c] Report of Nominating 
Committee. Papers of the evening. 
Aviation Medicine — a] The relation of 
the medical and physical sciences in the 
development of aviation, Detley W. 
Bronk, Ph.D., Sc.D., Professor of Bio- 
physics and Director of the Johnson 
Research Foundation, University of 
Pennsjdvania School of Medicine; b] 
The use of oxygen in aviation medicine, 
John R. Poppen, Captain, Bledical 
Corps, U.S.N., Bureau of Aeronautics, 
Wasliington; c] Bends and tlie effects 
of acceleration, John F. Fulton, Sterling 
Professor of Pliysiologj', Yale Univer- 
sitj' School of Medicine. ^ Report on 
election of Fellows. 

NoviiJiBEn 27 — The Harvey Society in affili- 
ation 7vith The New York Academy of 
Medicine. The second Harvey lecture, 
“Factors Conditioning Resistance to 
Epidemic Influenza,” Thomas Francis, 
Jr., Professor of Epidemiology, School 
of Public Health, University of Miclii- 
gan. 

SECTION MEETINGS 

NovEsniER 5 — Dermatology and Syphilology, 
Presentation of cases — Tlie Mount Sinai 
Hospital. ^ General discussion. ^ Execu- 
tive session. 

NovEarraai 7 — Surgery. Reading of tlie min- 
utes. ^ Presentation of cases — a]l. A 
case of congenital overgrowth of a fin- 
ger to huge proportions, with post- 
operative result, 2. A case of mucocele 
of the appendix with pseudomraoma of 
the peritoneum, Francis X. Timonej'; 
b] A case of primary pneumococcus 
peritonitis in an adult treated by ex- 


ploration, sulfathiazole and specific 
serum, with recovery, Robert A. Wise. 
If Papers of the evening — a] Thoraco- 
scopy and pneumonolysis. Observations 
on 100 ponsecutive cases, Louis Carp, 
Borris A. Kornblith; b] Surgical prob- 
lems of the present war, Fraser G. 
Gurd, McGill University (by invita- 
tion). If General discussion. |f Executive 
.session. 

November 11 — Combined Meeting of the 
Section of Neurology and Psychiatry 
and the New York Neurological Society. 
Reading of the minutes, |f Case presen- 
tation — Choreo-athetosis and athetosis, 
a clinico-pathological report, M. Nen- 
.staedter; Discussion, Tracy J. Putnam. 
If Papers of the evening — a] Mimetic 
.smiledness as related to handedness: an 
indicator of basic modes of human adap- 
tation, John G. Lynn (by invitation) ; 
Discussion, Charles Davison; b] Mar- 
ginal dj’skinesias and dyssynergias as 
diagnostic adjuncts (Moving pictures), 
Byron Stookey, Lester Mount (by invi- 
tation) ; Discussion, Israel S. Wechsler. 

November 12 — Combined Meeting of the 
Section of Historical and Cultural 
Medicine and the New York Society for 
Medical History. Reading of the min- 
utes. If A symposium on approaches to 
medical history, Richard Harrison 
Shryock (by invitation), lago Galdston, 
George Rosen (by invitation), Fritz 
Wittels. If General discussion. 

November 12 — Pediatrics. Round table dis- 
cussion — School Health Regulations, 
Piiilip M. Stimson, Chairman. From the 
view point — a] Of the public school, 
Isidore H. Goldberger; b] Of the pri- 
vate school principal, Millicent C. Mcln- 
tosh (by invitation) ; c] Of the private 
scliool physician, Katherine Dodge; d] 
Of the parents, Virginia Fox Patterson 
(by invitation) ; e] Of the Bureau of 
Preventable Diseases, Department of 
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Health, Samuel Frant (by invitation) ; 
f] Of the Department of Health, Haven 
Emcraon. ji Executive session. 

XovEMiir.n 17 — Ophthalmologi/. Executive 
session — Reading of the minutes. ^ In 
memoriam — Francis '\Va}’les Shine, Ber- 
nard Samuels. If Presentation of’ cases — 

a] Tuberous sclerosis in a five-months- 
old infant, Isadore Givner; Discussion, 
F. L. P. Koch (by invitation) ; b] Ac- 
tinomycosis of the conjunctiva, asso- 
ciated with superficial punctate keratitis, 
Gordon Bruce; Discussion, James K. 
Duryea; c] Lymphosarcoma of the lac- 
rimal gland, Charles A. Perera; Discus- 
sion, Maynard C. 'Wheeler, jf Papers of 
the evening — a] Vollmer Patch Test; its 
possibilities in ophthalmic practice, Ben- 
jamin Friedman and Frank Keil, Jr. 
(by invitation) ; b] Current studies on 
the mechanism of formation of the in- 
traocular fluids, Jonas S. Friedenwald, 
Baltimore (by invitation) ; Discussion 
to he opened by Ludwig Y. Sallmann 
(by invitation). 

Novr.Mnnn 18 — Medicine. Reading of the 
minutes, jf Papers of the evening — a] 
Bone marrow — diagnostic and therapeu- 
tic considerations, Maurice Morrison 
(by invitation) ; b] Treatment of leu- 
kemia by radioactive phosphorus, Lloyd 
F. Craver; e] Hematologic complica- 
tions following chemollierapy, Nathan 
Rosenthal; d] The differential diagnosis 
of the hemolytic anemias, Thomas Hale 
Ham, Thorndike ^Memorial Laboratory 
(by invitation) ; Discussion, William 
Dock (b.v invitation), Paul Reznikoff. jf 
Executive session. 

Novemjier is — Ocnito-Urinary Stirgery. 
Reading of the minutes, ff Papers of 
the evening — a] Manipulative treatment 
of ureteral calculi, ’William Niles Wish- 
ard, J r., Indianapolis (by invitation) ; 

b] Carcinoma of the ureter — report of 
five cases, Albert Bothe, Philadelphia 
(by invitation) ; c] Jlodification of the 
Higgins teclmique of uretero-intestinal 
anastomo.sis, Joseph A. Hyams; Discus- 


sion, Benjamin S. Barringer, Henry G. 
Bugbee, Thomas J. Kirwin. jf General 
di.sciission. ff Executive session. 

November 19 — Otolaryngology. Executive 
session — ^Reading of the minutes, ff Pa- 
pers of the evening — a] Effect of ton- 
sillectomy on respiratory infections in 
children, Albert D. Kaiser, Rochester, 
New York (by invitation) ; b] Relation- 
ship of tonsil and sinus infections to 
chronic arthritis, Ralph H. Boots; c] 
Effect of tonsillectom}'' on nephritis, 
John Lj'ttle; Discussion, Westley M. 
Hunt, Robert L. JlcCollom (by invita- 
tion). U General discussion. 

November 21 — Orthopedic Surgery in con- 
junction with the Philadelphia Ortho- 
paedic Club. Reading of the minutes. 
Papers of the afternoon (Disciutsion by 
invited speakers) — a] Congenital ab- 
sence of tibia, lower half, bilateral, aged 
15 years. Result of observation and 
treatment since early infancy, Arthur 
Krida; Discussion, J. T. Rugh; b] Fem- 
oral ischial transplant, David M. Bos- 
worth; Discussion, Bruce Gill; cj 
Angioma of tarsal bone.s, Samuel Klein- 
berg; Discussion, George Wagoner; d] 
Su.spensory ligament operation for 
pathological dislocation of the hip fol- 
lowing poliomyelitis, Joseph B. L’Epis- 
copo; Discussion, B. F. Buzby; e] Eosi- 
nophilic granuloma of bone, Henry L. 
Jaffe; Discussion, Irvin Stein; f] The 
laminagraph as an aid in the treatment 
of chronic oseomyelitis, Alan DeForest 
Smith and Law'son E. Miller; g] Obser- 
vations in the topical use of sulfone 
derivatives. Major Edgar M. Bick; Di.s- 
cussion, A. R. Shands, Jr.; h] A case 
of Gnillan-Barrd disease, H. Leslie 
AVenger; Discussion, A. M. Rechtman; 
i] Stenosing tenovaginitis of the thumb 
in infants, Isidore Zadek; Discussion, 
Rutherford L. John; j] Arthroplasty of 
the first metacarpal greater multangular 
joint for dj’sfunction following a mal- 
united Bennett’s fracture, Nicholas S. 
Ransohoff; Discussion, Ernest Brav; 
k] A modified operation for opponens 
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paralysis, T. Campbell Thompson; Dis- 
cussion, J. T. Nicholson. ^ Executive 
session — Special election, John C. Mc- 
Cauley, Jr., for Secretarj’. 

November 25 — Obstetrics and Gynecology. 
{Program presented by the Obstetrical 
Department of the Morrisania Hospi- 
tal.) Executive session — Reading of the 
minutes. ^ Presentation of cases — a] 
Macrocytic anemia of pregnancy, Mark 
Daniel (by invitation) ; Discussion, Ber- 
nard S. Kahn (by invitation) ; h] Uni- 
lateral cortical abscesses of kidne}', 
complicating pregnancy, Frederick A. 
Wurzbacli, Jr.; Discussion, Thomas M. 
Mulcahy (by invitation) ; c] Blood 
transfusion reaction due to atypical ag- 
glutinins, Philip Crooks (by invitation) ; 
Discussion, A. S. Weiner (by invita- 
tion) and Philip Levine. Papers of 
the evening — a] Management of unen- 
gaged vertex presentations in primi- 
parae, Abraham B. Tamis and Jacob 
Clahr; Discussion, Milton J. Goodfriend; 
b] Contractions of the human uterus in 
pregnancy and labor, Leo Wilson. If Gen- 
eral discussion. 


AFFILIATED SOCIETIES 

October 30 — New York Pathological Society 
(in affiliation with The New York Acad- 
emy of Medicine). Paper of the evening 
— ^The pathology of diabetes mellitus. 
Shields Warren, Boston (by invitation) ; 


Discussion by Arthur C. Allen (by invi- 
tation, Irving Graef. ff Executive ses- 
sion. 

New York Roentgen Society — Because of 
conflict in dates with the Graduate Fort- 
night, this Society held no meeting in 
October. 

No\’ember 17 — New York Roentgen Society 
in affiliation with The New York Acad- 
emy of Medicine. Papers of the evening 
— a] The roentgen features of carci- 
noma of tile lung in relation to opera- 
bility, I. Sarot (by invitation) ; b] The 
preoperative localization of lung ab- 
scess, C. B. Rabin (by invitation) ; c] 
Sectional radiography in the recognition 
of suppurative lung disease, Marcy L. 
Sussman. ff Discussion, H. Nenhof (by 
invitation), H. Wessler (by invitation), 
ff Executive session. 

November 27 — New York Pathological So- 
ciety in affiliation with The New York 
Academy of Medicine. Presentation of 
cases — a] Uterine tumor of endometrial 
stroma type. Amour F. Liber, Chester 
R. Brown; b] Myoblastoma of volun- 
tary muscle with lipid-containing cells, 
Chester R. Brown, Amour F. Liber, ff 
Papers of the evening — a] Infection 
with organisms of the Salmonella group, 
Siegbert Bornstein (by invitation); b] 
Lymphosarcoma with special reference 
to the original site, Nicholas M. Alter. 
If Executive session. 
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INFLUENCE OF EXTRINSIC FACTORS ON 
THE CORONARY FLOW AND CLINICAL 
COURSE OF HEART DISEASE 

N. C. Gilbert 

Professor of Medicine, Northwestern University Medical School 



ijHERE are a great many clinical obser\^ations associated 
MTth heart disease, and especially with angina pectoris, 
which are difficult to explain only on the basis of intrinsic 
anatomical changes in the coronary vessels alone, and 
^ can best be explained by the assumption of vasomotor 
changes in the caliber of the coronary vessels, decreasing the flow vol- 
ume. Such an assumption of vasomotor changes is not new, and has 
been made by a great many men at many times. I would like here to 
review some of the experimental and clinical evidence indicating that 
such a decrease in flow may occur in response to autonomic stimuli of 
t\arious origins, and that such decreases in coronar)'- flow from extrinsic 
factors may produce the same disproportion between blood supply and 
blood needs, as do intrinsic anatomical changes in the vessel walls, which 
restrict the coronary flow when additional demands are made upon it. 

I am not unmindful of the importance of the intrinsic factors. The 
point which I wish to make is this, that both intrinsic and extrinsic fac- 
tors arc valent in the restriction of coronar)* flow in proportions which 


* Presented OcloLcr 22. 1941 nt the Graduate Fortnicht of The New York Academy of Medicine. 
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vary in different cases. But the intrinsic factors are not reversible, and 
the conditions imposed are permanent, and must be compensated for in 
various ways by various means. The extrinsic factors are reversible and 
their influence may be lessened or may be obviated altogether. 

It is not necessary to enter into a discussion of the nervous control 
of the coronary vessels. I think that it may be assumed as rather gen- 
erally accepted that the vagus nerve exerts a tonic vasoconstrictor effect 
upon the coronary vessels, varying in degree with different physio- 
logical conditions, and that vasoconstrictor impulses are carried by the 
vagus. In like manner, it may be assumed that vasodilator impulses are 
carried through the sympathetic fibers, and that there is also some 
degree of vasodilator tone present in the vessels. 

Anrep,^ in 1926, described a reflex vasoconstriction of the coronary 
arteries consequent upon increased intracephalic pressure. The pathway 
for this vasoconstrictor impulse was through the vagus. Stella" and others 
confirmed this, and showed that this was mediated through the carotid 
sinus. 

Clinically, attacks of angina pectoris or of paroxysmal dyspnea are 
seen to occur occasionally when the blood pressure reaches a point 
higher than that usual for the individual. That the attacks are not always 
due to an increase of the heart’s work with the increased pressure, would 
seem to be indicated in the cases reported by Lewis, ^ in which the pain 
came on at a certain high level of blood pressure, and was relieved by 
the coronary vasodilator action of nitroglycerin, even though there was 
no fall in pressure. 

The increased tendency to anginal pain following meals is a fre- 
quent clinical phenomenon. The symptoms may be explained in part by 
the increased work demanded of the heart during the earlier periods of 
digestion. This does not explain, however, why the pain is so frequently 
relieved by belching gas, or why it occurs at one time and not at 
another in the same person, under the same conditions. Anginal pain 
is very frequent also in hiatus hernia. The pain is more apt to occur 
when the herniation is present and is less apt to occur when the hernia 

is reduced. . . 

That the anginal pain in these cases is due to a reflex vasoconstriction 

of the coronary arteries, is shown by the work of Dietrich and Schv eig 
in 1931, working with von Bergmann.^ Distention of the stomach in t e 
dog caused a marked decrease in the coronary flow, and this was espe- 
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cially so if the distention was at the esophageal hiatus. This decrease in 
flow did not occur after atropine, or if the vagi were sectioned. Fenn, 
LeRoy and I'"' repeated this work, with similar results. ^Ve further con- 
firmed these results in the unanesthetized dog by distention of the 
.stomach before and after atropine after a Rein stromuhr had been 
previously placed upon a branch of the coronar)'^ artery. Also, if the 
free abdominal cavity were distended with air, we again obtained a 
decrease in coronary flow, but not after vagotomy or atropine. 

We obtained clinical confirmation of these experiments, using the 
method of Le\y,'’“ in which anginous patients are asked to breathe a low 
o.xygen mixture until the first symptoms of anginal pain appear, when 
the patient is switched to straight oxygen and the attack ceases at once. 
If the patient breathed this low oxygen mixture after a meal, the pain 
came on sooner than it did in the control experiments done upon an 
empty stomach. If atropine was administered before the meal, the pain 
on a full stomach came on no sooner than it had originally in the con- 
trol experiments. However, there were two groups of these patients in 
Avhom the time appearance of the pain was deferred by atropine. In 
some of them, the pain after a meal and after atropine came on at the 
same time as it had in the control experiments. In some others it took 
a longer time for the pain to occur after atropine than in the control, 
even though the experiment V'as done upon a full stomach. This would 
seem to indicate that in this second group, in which the pain did not 
occur as soon as in the control, the pain was due not only to intrinsic 
changes in the vessel w'alls, but to an extrinsic increase in vagal tone 
which had been released by the atropine. We. then did another series 
of experiments upon the same patients, with an empty stomach, exactly 
as in the control experiments, but here we administered atropine before 
the experiment. In these experiment-s, the patients fell into the same two 
groups. One group experienced pain after the .same time interval as in 
the control experiments, ■without the atropine. This sjroup was the one 
in which there M-as more clinical reason to assume intrinsic changes in 
the vc.ssel walls. The other group did not c.xperience any symptoms for 
a longer time than had been noted in the control e.xperiments, and a still 
longer time than that noted in the experiments done after a full meal. 
This group was that in which there was more clinical reason to assume 
the presence of an increased vagal tone, in addition to intrinsic vascular 
changc.s. 
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There is no need to emphasize the clinical importance of these 
observations in view of the frequency of anginal pain after meals. 
Master’ has also shown the greater incidence of coronary thrombosis 
after meals. 

In the experiments upon dogs, it was noted that the decrease in coro- 
nary Row was more marked if the distention was at the cardiac end of 
the stomach, and especially if the distending bag were against of in the 
esophageal hiatus. While hiatus hernia is being diagnosed more fre- 
quently than before, there is reason to think that it is still under- 
diagnosed, and its importance not fully realized. In a series of one hun- 
dred and seven cases of anginal pain follov^ed in the last two years, in 
forty-four patients examined roentgenologically, there were eighteen or 
1 7 per cent who showed a hiatus hernia. Just what the figure would be 
for a control series, I do not know, as I know of no control series to 
which some objection could not be made. But I do know that in the 
series of patients with angina pectoris and hiatus hernia, under our ob- 
servation, there was a very clear history indicating the influence of the 
herniation upon the occurrence of the anginal pain, and that medical 
management of the hernia was apparently a factor in relief of these 
patients. It is to be emphasized that the anginal pain in hiatus hernia is 
not merely “anginalike,” but that it is a real anginal pain resulting from 
an insufficient blood supply to the heart muscle. 

Dr, Van Dellen has a case of hiatus hernia under observation at 
present, in which the electrocardiogram is normal when the herniation 
is not present, but in which there is a typical coronary curve present 
when the hernia occurs. 

Hiatus hernia may also induce attacks of paroxysmal auricular fibril- 
lation, I have seen two such cases in the last tvm months, in which there 
was very clear evidence that the attacks came on with the incidence 
of the hernia, and disappeared when the stomach slipped back into 
place. There is every reason to think that this occurrence is mediated 
through the vagus. 

von Bergmann showed also that coronary vasoconstriction resulted 
from stimuli having their origin in the esophagus. We have all of us 
seen patients in whom attacks of angina were precipitated by the act 
of swallowing. Anginal pain is also found associated with diverticula of 
the esophagus and diverticula at the cardiac end of the stomach. Weiss 
and Ferris® reported a case in which Stokes-Adams attacks were brought 
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on by the act of sw’allowing. They sliowed tliat it was a vago-vagal 
reflex, and that it was clinically relieved by atropine. 

Attacks of angina pectoris associated with gall bladder disease have 
been reported by several authors. Schwartz and Herman® reported that 
in most cases of gall bladder disturbance associated with cardiac symp- 
toms, the heart symptoms were less after the operation. Fitz-Hugh and 
Wolferth^® also showed an amelioration of the cardiac sj’^mptoms after 
gall bladder surgery, and showed that electrocardiographic changes 
tended to return to normal. 

Some experiments which Fcnn, LeRoy and I did upon the anesthe- 
tized dog could be interpreted as showing that there u’^as a decrease in 
coronarj’^ flow upon distention of the gall bladder, but we did not con- 
sider our results wholly conclusive. In the last few weeks, Sheridan and 
I have repeated these experiments upon the decerebrate dog, and have 
obtained definite evidence of a decrease in coronary flow upon disten- 
tion of the gall bladder, or distention or irritation of its ducts. This re- 
flex did not occur after vagotomy, or after atropine. 

It is possible, also that stimuli resulting from other abdominal con- 
ditions may initiate vasoconstrictor effects upon the coronary arteries. 
Angina pectoris is frequently associated with duodenal ulcer, a spastic 
duodenal bulb, a spastic colon, or diverticulosis of the colon. One can 
not be certain, however, how much the anginal symptoms are a result 
of reflexes arising from the abdominal conditions, and to what extent the 
anginal pain results from a common tendency to respond more readily 
than normal to vagal influence, or to the same lack in both cases of some 
inhibitions of this reflex, from higher centers. Experimentally, Smith 
and iMiller” have shown that vagal reflexes may originate in the colon, 
as well as in the gall bladder. The part played by the gastrointestinal 
tract in producing cardiac symptoms has recendv been reviewed by 
Morrison and Swalm.^-’ 

Danielopolu'" long ago considered that stimuli arising from incra- 
thoracic conditions might institute reflexes which decreased coronary 
flow, and such a thesis was in part the basis for operative interference 
to interrupt that reflex. 

Scherf and Schonbrunner,^^ in 1937, published obsen'ations showing- 
that lung emboli were associated with anginal pain, and similar obser- 
vations have been reported since. DeTakats. Beck and Fenn’^ presented 
evidence indicating that there was a coronan' vasoconstriction asso- 
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ciated with the lodging of an embolus in the pulmonary vessels, and that 
this was a reflex mediated through the vagus. The cases of heart block 
associated with pulmonary emboli reported by Kauffmann^® would 
indicate vagal stimulation by the embolus. DeTakats and his co-workers 
have also shown a constriction of the pulmonary vessels, and of the 
bronchi, associated with pulmonary embolism. 

DeTakats and Jesser^'* consider that such coronary vasoconstriction 
is the cause of death in many cases of pulmonary embolism, and that 
death is not always due to asphyxiation or right heart failure or incom- 
plete venous return to the heart. Acting upon this hypothesis, and treat- 
ing cases with atropine and papaverine, or atropine and aminophylline 
intravenously, resulted in a decrease in the death rate in their cases of 
pulmonary embolism from 82 per cent to 13 per cent. 

Even more important from a clinical standpoint, is the work of 
A'lanning, McEachern and Hall,^® showing that when a coronary artery 
of the dog is ligated, there is a reflex vasoconstriction of the other coro- 
nary vessels. When a coronary artery of the dog was ligated under full 
anesthesia, there was a very low mortality. But if the ligature were 
placed about the vessels under full anesthesia and not tied until several 
hours later, after recovery from the anesthetic, there was a very high 
mortality. But if the vagi were cut or atropine administered before the 
artery was ligated in the unanesthetized dog, the mortality remained at 
the same low level as when the artery was tied in a dog in which tlie 
reflexes M^ere abolished by full anesthesia. In some work that has not as 
yet been published, LeRoy, Gilbert and Fenn have shown that when 
the artery is ligated, the mortality is not only less with atropine, but 

even less if a purine-base vasodilator is used. 

These obsen^ations of Manning, McEachern and Hall are of very 
great clinical importance in the management of coronary thrombosis. 
Making use of these obsen^ations, we have very greatly reduced our 
mortality in early cases of coronary thrombosis, by the mimediate a - 

ministration of atropine and aminophylline. In addition, it must o ow 

that if this secondary vasoconstriction was obviated, the infarct wou 
be smaller and the myocardial damage less, with a better recovery and 
less loss of function. Recovery has been more rapid and more unevent- 


ful in our cases, than previously. 

What we have said so far has concerned only reflexes mediated 
through the vagus. There are also reflexes mediated through the sym- 
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j^.irhcric. M hich arc constantly active, and tend to increase the coronary 
flov' in response to increased needs. Failure of this normal vasodilator 
mechanism of tlic sympathetic, or an inhibition of the sympathetic, 
would necessarily result in an inability of the heart to adapt itself to its 
changing needs. 

It has been knowm for a great many years that the pulse rate could 
l)c slowed by stimulation of the nasal mucous, membrane in animals, and 
that tins effect could still be obtained by the same stimulation after 
vagotomy or atropine, or both. The blood pressure might rise, or might 
remain unchanged. This can only be explained bv assuming an inhibition 
of sympathetic tone. 

Tiicsc observations would seem to afford a possible explanation of 
the attacks of angina pectoris which occur when an anginous subject 
suddenly breathes cold air through the nose. Such attacks may even 
he fatal. 

In order to determine if there might be a loss of sympathetic vaso- 
dilator tone in tiie coronary arteries, associated with what appears to be 
a .sympathetic inhibition, experiments were done upon the decerebrate 
dog. in tviiich the coronary flow was measured.^” Upon stimulation of 
the nasal mucous membrane with cold water, or chloroform vapor, a dc- 
crca.se in coronary' flow was obsen'cd, associated Muth a slowing of the 
pulse, and a rise in blond pressure. After vagotomy, or atropine, the 
same event occurred. 

If crgotaniinc tartrate was administered to dogs in doses correspond- 
ing to tho.se iLscd clinically, for its sympathetic inhibitor effect, the same 
sequence of events occurred as was seen upon stimulation of the nasal 
mucous membrane. A'agotomy or atropine did not abolish this effect. 

^^'hcn experiments were done upon anginous subjects, induciu" an- 
ginal pain by means of breathing a mixture low in oxygen, the pain 
was found to appear much sooner if ergotamine were administered be- 
fore starring the experiment. 

The experiments with ergotamine tartrate upon the dog, and upon 
the anpnous subject are open to the objection that in each ca.se the 
ergotamine tartrate may have exerted a direct vasoconstrictor action 
upon the coronary vessel walls. KatrAo has shown such an effect in rite 
cmpr\- bearing heart of the dog and we have confirmed it. But I am not 
at ail certain that these observations altogether settle the question of a 
thrcct action upon the vessel, and I would feel that much further work 
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is necessary. The curves representing the effects of stimulation of the 
nasal mucosa, where there is no question of any drug acting upon the ves- 
sel, and those obtained after .the administration of ergotamine, are iden- 
tical, and I would feel that this is of some significance. 

The effect of tobacco upon the induction of anginal attacks has been 
commented upon frequently. Huchard^^ in his chapter upon Toxic 
Angina Pectoris, had a great deal to say about the effect of tobacco in 
causing attacks. Wilson and Johnston^^ recently reported a series of 
cases with what would seem very clear evidence that the anginal attacks 
were caused by a vasomotor narrowing of the coronary arteries, pre- 
cipitated by the smoking. Hobbs, working upon this problem, has found 
tivo cases where the electrocardiographic changes did not occur after 
atropine. 

I spoke earlier of the possibility that vasomotor restriction of coro- 
nary flow, oft repeated over long periods of time, might eventually 
result in permanent degenerative changes in the heart muscle conse- 
quent upon temporary decrease in blood supply. Blumgart and his 
fellow- workers^* have shown that arrest of the blood flow for as short a 
period as one minute in a single coronary artery led to electrocardio- 
graphic changes indicating anoxemia of the muscle. Arrest of the flow 
for from 25 to 45 minutes produced histological changes in the 
muscle. 

Hall, Ettinger and Banting^^ have shown that prolonged stimulation 
of the vagus, continued over several months of time, produced changes 
in the heart muscle of the dog, comparable to chronic clinical degenera- 
tive changes in man. Intrinsic changes in the vessel walls of the dog’s 
heart did not occur to any significant degree. It vmuld seem very rea- 
sonable to assume that similar changes occur clinically in man, or as a 
result of repeated extrinsic factors restricting the coronary flow for 
varying periods, over long time intervals. 

The experiments of Hall and his associates were performed upon dogs 
with normal heart muscles and normal vessels. When the heart of man 
is hypertrophied from any cause, whether as a result of previous val- 
vular damage, or as a result of hypertension, there is an increased bulk 
of heart muscle without a proportionate increase in blood supply to 
provide fof^the increased needs. In such hearts, with a blood supply 
already insufficient, or barely sufficient, and possibly with intrinsic vas- 
cular changes, a further restriction of coronary flow because of extrinsic 
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factors m3)' produce serious changes much more rapidl)' and much more 
certainly tlian in a normal heart. 

I am sorr)’- to have burdened you with so long a discourse, but even 
then it is too brief and incomplete to show adequately the importance 
of the extrinsic factors which tend to decrease the coronar)’’ flow. I 
hope that xvhat I have .said has carried some small degree of conviction 
as to the importance of these factors in diagnosis and therapy. 
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PULiVIONARY CONGESTION AND EDEiMA^" 

Soma Weiss 

Hersey Professor of the Theory and Practice of Physic, Harvard University 


attempting to discuss the complex problem of pulmo- 
nary congestion and edema within the time allotted, I 
thought it adtdsable first to present certain general con-* 
siderations and conclusions. Then I shall demonstrate 
these points more specifically with the help of lantern 
slides. The proposed discussion will be based mainly on experiences 
gained in the study of man. No attempt will be made to deal with the 
extensive and controversial animal experimentation. 

Congestion and edema of the lungs are two important morbid states, 
which develop in the course of many diseases. ^Vhenever they appear 
they are responsible for serious symptoms and for secondary compli- 
cations. Thus, the majority of the symptoms and signs of congestive 
heart failure, such as dyspnea, orthopnea, cough, asthma, certain types 
of thoracic distress, cyanosis, rales, hemoptysis and hydrothorax, de- 
pend partly or entirely on such secondary derangements within the 
pulmonary circulation.^ 

It is only recently that the study of the normal and abnormal states 
of the human pulmonary circulation has become possible. As a result, ' 
valuable information has been accumulating not only on the pathologic 
physiology of the pulmonar)^ circulation, but also on the better inter- 
pretation of structural alterations and of symptoms referable to the lungs. 

The pulmonary (lesser) circulation may be looked upon as a coun- 
terpart of the capillary system of the greater circulation. As the huge 
capillary bed of the lungs is freely exposed to the atmospheric environ- 
ment, it is not surprising that under certain conditions it undergoes se- 
rious disturbances. It is, indeed, remarkable that pulmonar}'^ edema does 
not develop under stress more frequently. 

Usually the function of the blood capillaries is to send to or remove 
from the tissue fluids in n^hich cells live, dissolved substances and fluids. 

D^P=>rtment of Medicine, 

Dehvered during the Graduate Fortnight of The New York Academy of Medicine, October 23, 1941. 
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However, to a great extent the opposite is true, as far as the pulmonary 
capillaries are concerned. Their primary functional task is to allow the 
blood flow through the alveolar wall, while the respiratory exchange 
takes place, without change in fluids or solutes. This difficult homeo- 
static state of the pulmonary capillary circulation is maintained by a 
combination of physiologic and structural arrangements. Thus the rela- 
tion of the low pulmonary capillary pressure to the osmotic pressure of 
the blood results normally, as far as the alveolar space is concerned, 
in a force of absorption, rather than of transudation. As early as 1873 
Colin^ demonstrated that as large an amount as 21 liters of water can 
be administered intratracheally to the horse in the course of three and 
a half hours without ill effects. Further, the pulmonary capillaries are 
unusual morphologically, in the sense, that they are “reinforced” by 
special layers of tissues which make diffusion of substances and transu- 
dation of the fluids difficult. Hence, although the minute vessels of the 
lungs are practically in contact with the air, nevertheless the blood is 
separated from the air by four delicate layers: (a) an endothelial layer, 
(b) two basement membranes, and (c) an epithelial layer. No lymphatic , 
vessels or circulation exist within the alveolar walls, although the rest 
of the structures of the lungs are richly supplied with lymphatics. Ac- 
tually the lymphatic network of the lungs is more dense and prominent 
than that of the liver, spleen, and kidneys. In view of the fact that con- 
ditions associated with edema of the alveolar wall are also associated 
with engorgement of the lymphatics and presumably vdth the lymphatic 
flow, it is assumed that the tissue fluids of the alveolar wall find their 
way to the lymphatics of the atria. 

Under normal conditions the total cross-sectional width of the lay- 
ers separating the circulating red blood cells from the alveolar air is 
less than one micron, hence gasses diffuse through the alveolar wall with 
ease. Each pulmonary capillary is about 14 i millimeter in length and 
about 10 microns in diameter. Therefore, usually but a single row of red 
cells passes through the capillaries. As long as the alveolar wall remains 
elastic the pulmonary capillaries stretch easily. This is clearly indicated 
by the fact that histiocytes and large reticulo-endothelial cells, bulging 
with lipoid material, can pass through the normal pulmonary capillaries. 
Further, in heart failure with an increase of the pulmonary capillary 
pressure, the capillaries may enlarge 10- to 30-fold, and may assume 
aneurysmal dilatation. The surface of the pulmonary capillary bed has 
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been estimated at about 140 square meters (Hufner). Under basal con- 
ditions about 3 to 3.5 liters of blood flow through the pulmonary capil- 
laries per minute. In healthy persons the velocity of blood flow through 
the pulmonary circuit from the right to the left ventricle is 5 to 10 
seconds, and anatomic and physiologic considerations indicate that the 
length of the pulmonary pathways is about equal. The average amount 
of blood at rest in the normal human lungs is about 500 to 800 cc. Under 
physiologic stress variations in the volume of blood flow and in its 
velocity do not parallel one another. In heart disease associated with 
pulmonary congestion there is a considerable degree of increase in the 
cross-sectional area of the capillary bed. Hence in these cases the dis- 
proportion between changes in the volume and velocity of the pulmo- 
nary blood flow is particularly great; and normal cardiac output may 
be associated with a slowing of over one hundred per cent of the normal 
velocity of the pulmonary blood flow. The shapes of dye concentration 
curves indicate that in the presence of pulmonary congestion caused by 
heart disease, in contrast to the normal pulmonary circulation, the velo- 
city of blood flow varies in different parts of the lungs. It is considerably 
slower in the base than in the upper parts. 

Neither the distribution nor the functions of the pulmonary nerves 
are clearly understood. The vagi and the sympathetic nerves form nu- 
merous plexuses and nerves along the bronchial tree and pulmonary 
vessels. According to Miller,® the nerves end in the walls of the atria and 
in smooth muscles of the smallest bronchioles. Olkon and Joannidas'* 
and Sternberg and Tamari,® on the other hand, have claimed that the 
capillaries of the lungs are innervated. It is doubtful whether the pul- 
monaty capillaries are under active nenmus control, in the orthodox 
sense. Chemical agents, on the other hand, liberated by nervous stimula- 
tion, may nxll influence the capillaries directly or indirectly. 

The physiologic mechanism as well as the treatment of pulmonary 
edema is 7 iot nni^orni in all cases. The usual clinical causes of pulmonary 
congestion and edema are: (a) changes in the pulmonary circulation 
caused by heart failure (coronary disease, arterial hypertension, aortic 
insufficiency or stenosis, mitral disease and diffuse myocardial disease); 
(b) s)^stemic or pulmonary diseases associated with pronounced changes 
in the pulmonary hemodynamics and/or with capilkty damage (pul- 
monaty mfarcts, pneumonias, drowning, irritant gasses); (c) diseases as- 
sociated Avith retention of fluids in the tissues (beriberi, glomerulone- 
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phritis, and toxemia of pregnancy). Frequently in the causation of pul- 
monary edema the physiologic causes are combined. Such is the case in 
certain instances of pneumonia, beriberi, uremia, toxemia of pregnancy, 
thyrotoxicosis and circulatory shock. It has been known for a long time 
that certain diseases of the central nervous system (cerebral trauma, 
cerebrovascular accidents, and encephalitis) are frequently associated 
Avith pulmonary edema. The pathogenesis of this edema is not clear. It 
is probable that in these so-called “neurogenic” pulmonary edemas, the 
underlying mechanism is a disturbance of the vasomotor system with 
secondary changes in the functional capacity of the heart, in the greater 
and in the pulmonary circulation. In this sense neurogenic factors induce 
pulmonary edema indirectly. 

In general it may be said that the formation of pulmonary edema 
follows the same biologic laws as the development of peiipheral edema; 
although the relative significance of the factors immh'^ed is apparently 
not the same in these two types of edemas. Changes in capillary pres- 
sure, blood flow, protein content of the blood, permeability of the capil- 
lary membranes, are the chief factors operative in the formation of pul- 
monary edema. Combination of high capillary pressure, stasis (ischemia) 
and anoxia are particularly important in the causation of pulmonary 
edema of heart disease. It is probable that in slow blood floAA% the active 
factors are chemical in nature. Specific evaluation of factors causing 
changes in the permeability in the pulmonary capillary AA^all is particu- 
larly difficult; but in this respect again the situation is not unlike that 
in the capillaries of the greater circulation. It appears that if once the 
acthdty of causative factors reaches a certain critical point, edema for- 
mation can progress with great rapidity. The longer the duration of the 
pulmonary edema, the more difficult it becomes to reestablish the nor- 
mal physiologic state. The edema fluid may be of Ioav or high protein 
content. As a rule the edema fluid of cardiac origin is low in proteins 
(transudate), AAdiile that caused by infections or of chemical origin is 
high (exudate). As histologic obserA'^ations have shoAvn, the pulmonary 
capillaries are relatively easily permeable to red and Avhite cells. The 
edema fluid both of the alveolar space and of the lymph frequently 
contains red cells. Pulmonary edema may be acute or chronic. Acute 
pulmonary edema may be transient or fatal. Both pulmonary conges- 
tion and edema may be diffuse or localized. One of the best examples 
of localized pulmonary edema is that occurring in pneumonia. This 
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type of edema is caused by gross damage done to the capillary layers 
by the bacteria. The high protein content of alveolar fluid indicates 
that here we are dealing udth an inflammator)^ exudate. 

In heart disease congestion usually precedes pulmonary edema. The 
edema may be either pericapillary (interstitial) or inti'a-aheolar, or a 
combination of the turn. Usually, however, the intra-alveolar edema of 
heart disease is preceded by pericapillary edema. The pulmonary edema 
caused by infectious diseases, chemical agents and perhaps nervous 
mechanisms, on the other hand, often develops vdthout any preceding 
congestion, and results instead from changes in the permeability of the 
layers of the alveolar wall (“primary” intra-alveolar edema). 

On the basis of studies conducted in man during the past fifteen 
years',^’ an attempt has been made to correlate symptoms, physical 
findings, and roentgenological characteristics, with physiologic and his- 
tologic findings. A few of the pertinent conclusions are as follows: 

1. Failure of the pulmonary circulation occurs frequently in the 
presence of an adequately maintained greater circulation. Thus, dyspnea, 
orthopnea, pulmonary edema, and low viral capacity of the lungs can 
be associated with normal cardiac output, normal arterial and venous 
pressure, and normal utilization of oxygen by the tissues. 

2. Pulmonary engorgement is usually associated with some degree 
of edema of the alveolar wall, causing thickening and rigidity of the 
alveolar sac. If the edema has existed for but a short period, rapid reab- 
sorption of the edema fluid develops provided the normal physiologic 
relationships are reestablished. Measurements of air spaces in cardiacs 
with acute pulmonary congestion indicate that changes in the lungs are 
responsible for the creation of an acute functional emphysema-like state. 

3. Pericapillary edema of the alveolar wall can lead rapidly to depo- 
sition of collagen. Judging from the behavior of the lungs in preeclamp- 
sia and eclamp.sia of pregnancy, collagen may be deposited in the edema- 
tous alveolar wall over a period of weeks, and subsequently, presumably, 
this collagen can become absorbed. If, however, the edema persists, per- 
manent organic changes can occur in the alveolar wall. The advanced 
manifestation of the strucmral changes consists of fibrosis of the alveo- 
lar wall with obliteration of the capillary bed and with cuboidal changes 
in the epithelial cells. Thus, heart disease can cause first physiologic 
(reversible) and subsequently organic (irreversible) lung disease. The 
latter is seen in advanced cases of mitral stenosis. In these patients, not 


98 


THE BULLETIN 


only are the capillaries markedly widened, but the alveolar wall is 
considerably thickened. This is the chief cause of central (pulmonary) 
cyanosis in these patients. In some cases with an advanced type of mitral 
stenosis rupture of the capillaries with aneurysmal enlargement can be 
responsible for serious and at times fatal pulmonary hemorrhage. 

4. In the presence of an advanced degree of mitral stenosis, dilatation 
of the pulmonary capillaries over the upper half of the lungs may not 
be accompanied by an appreciable degree of pericapillary edema. This 
observation suggests that increased intracapillary pressure alone, with- 
out slowing of the blood flow or anoxia, is not necessarily the primary 
factor in the causation of pulmonary edema. 

5. A large amount of pericapillary (interstitial) edema may be pres- 
ent in the lungs without intra-alveolar edema and without pulmonary 
rales. This situation is responsible for the clinical fact that patients with 
left ventricular failure, in particular, can have dyspnea, orthopnea and 
low vital capacity of the lungs without rales. 

d. In primary intra-alveolar edema the structure of the alveolar wall 
remains normal, and yet intra-alveolar filtrate diffuses freely through 
all layers of the alveolar wall. At times, with the edema fluid, large 
numbers of red cells pass through the alveolar wall. The physical signs 
of this type of edema consist of extensive bubbling rales. Diffuse intra- 
alveolar edema may be unilateral or may involve but one lobe. 

7. The term “left ventricular failure,” or more properly “chronic 
left ventricular failure,” does not imply that under usual conditions 
the output of the two ventricles is unequal. This would be a physiologic 
impossibility. These terms simply indicate that there is severe impairment 
of the reserve of the functional capacity of the left ventricle as com- 
pared with that of the right ventricle. As a result, under physiologic 
stress, serious imbalance between the functions of the two ventricles is 
prone to occur. In the understanding of paroxysmal dyspnea (cardiac 
asthma) and transient pulmonary edema associated with heart disease, 
it is essential to appreciate that a disproportion in the functional activi- 
ties of the two ventricles can lead to active engorgement and gross dis- 
turbance of the pulmonary circulation within a few seconds or minutes. 
If following such temporary imbalance, the vitally essential balance be- 
tween the ventricles, as far as equal output of blood is concerned, is 
reestablished, the engorgement accompanied by dyspnea, orthopnea, and 
edema will, nevertheless, continue to persist, because the previously 
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accumulated excess of blood and edema now remains trapped within 
the pulmonary circuit. Under such circumstances for the rehef of the 
attack, it is essential that the left ventricle temporarily throw out more 
blood from the lungs than the right throws in. Otherwise, the excess 
volume vdthin the pulmonary circuit has to diffuse into the lung tis- 
sues, lymphatics, and alveoli, before the dyspnea and orthopnea vdll 
disappear. Most effective measures in the treatment of acute left ven- 
tricular failure udth dyspnea, asthma, and pulmonary edema bring about 
temporary improvement in the function of the left ventricle. This is 
accomplished by decreasing either the arteriolar resistance or the inflow 
to the heart or both. Studies conducted by us indicate that improvement 
in the pulmonary circulation is often accomplished promptly, while dis- 
appearance of edema and stiffening of the lungs, takes a longer time. 
M^e have observed both in patients with cardiac asthma and in those 
with other types of heart disease, that the restoration of the pulmonary 
liemodynamics long- preceded the disappearance of the so-called “func- 
tional circulatory emphysema” caused by changes within the alveolar 
wall proper. 

8. Acute left ventricular failure or transient disproportion between 
the two ventricles, may be associated with normal, elevated, or low 
arterial pressure of the greater (peripheral) circulation. It is particularly 
important to realize that the syndrome of acute heart failure or “car- 
diac shock” is accompanied by a clinical picture similar to or identical 
with that associated with acute circulatory collapse or shock of peri- 
pheral vascular origin. Thus, in cardiac shock such as occurs in coro- 
nary thrombosis, pulmonar)^ edema depends on failure of left ventricular 
function, notwithstanding the fact that the arterial pressure is low and 
the clinical picture is one of shock. 

9. In some instances of left ventricular failure caused by arterial 
hypertension, attacks of paroxysmal dyspnea are associated with acute 
pulmonary engorgement and with progressive histologic changes such 
as deposition of fibrin and connective tissue, which in the past have been 
erroneously looked upon as “organising pneumonia.” 

10. Attacks of pulmonary* edema may?- be associated with fever and 
leukocy^tosLs, the latter reaching as high a degree as 40,000 white blood 
cells per cmm. of blood. Patients have been obsen’^ed, in whom each 
attack of paroxy*smal dyspnea has been associated vdth fever of one 
to three day's duration. 
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11. Roentgenologic studies of pulmonary congestion and edema 
indicate that the distribution of edema varies in different types of con- 
gestive failure. In “general” failure of the heart, the congestion and 
edema are usually dependent (“basal”) — (passive engorgement). In pure 
left ventricular failure, the congestion and edema are often hilar and 
perihilar, with progressive fan-shaped distribution (active engorgement) . 
The base of the lungs often remains relatively normal. It is of interest, 
that usually the congestion and edema start over the right lung and 
remain more intense over this side. This is significant in view of the 
fact that right hydrothorax usually precedes left hydrothorax. 

12. During and immediately following an attack of cardiac asthma 
or pulmonary edema, as shown by roentgenograrhs, various bizarre- 
shaped distributions of edema can appear. These changes may disappear 
within 24 to 48 hours. Obstruction of lymphatic drainage is one fac- 
tor which influences the persistence of edema within certain areas of 
the lungs. At times the appearance of the roentgenogram may be similar 
to or identical with that observed in tuberculosis or pneumoconiosis. 

13. Accumulation of edema in the large lymphatic vessels close to 
the lung roots can be responsible for a large cyst-like accumulation of 
fluid, imitating the shadows caused by aneurysms or neoplastic diseases. 

14. In rare instances of mitral stenosis small, persisting, diffusely- 
scattered, dense areas are present in roentgenograms of the lungs. Such 
a roentgenogram imitates that found in miliary tuberculosis or in sar- 
coid. The areas described are formed by hemosiderin pigment deposits 
and surrounding tissue reactions. 

15. The roentgenologic differentiation of pulmonary edema, infarc- 
tion, pneumonia and fibrosis is often difficult. Pulmonary infarction is 
often associated with local or generalized pulmonary edema. 

16. In the treatment of pulmonary edema the specific pathogenesis 
is to be taken into consideration. In tlie usual paroxysmal dyspnea and 
edema of cardiac origin factors which relieve pulmonary engorgement 
and stasis and improve the functional capacity of the left ventricle are 
the effective measures. 
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OXYGEN SUPPLY SYSTEMS FOR MILITARY FLYING* 

John R. Poppen 

Captain, Medical Corps, United States Navy 


RSH5HSHSH5H5H.aN- preparation for writing this paper, I took occasion to 
E S refer to an article which I read nearly nine months ago. 

S i S ^ matter of fact, it has not yet been published. In it 
S g I presumed to define in some detail the requirements of 

cfesESHSESESHsS military oxygen supply apparatus in conformity with 
the necessity of meeting the requirements of the airplane, the service 
and the personnel. 

The principles expressed at that time are as sound today as they 
were then but in re-reading it a few days ago, I was astonished at the 
progress which has been made since then. There was no intent then to 
create the inference of prophesy but, in retrospect, development of 
oxygen equipment and description of desiderata for such equipment 
have followed very closely the principles which were generally accepted 
then. Nor were the general principles then expressed considered as the 
implantation of seeds for the fruition which is presently to be garnered. 
Nevertheless, it is timely to describe equipment as it exists or is being 
developed today and to reiterate requirements in much more exact terms 
than was possible that short time ago. 

The credit for the advances made cannot be given to any single indi- 
vidual or group of individuals. Contributors include service personnel, 
private research groups, federal agencies and the industry itself. No small 
measure of credit is due the National Research Council’s Committee on 
Aviation Medicine. A far-sighted, comprehensive plan for investigation, 
a thorough knowledge of goals to be attained and the methods to be 
employed in reaching them, an unremitting zeal in adding to their 
knowledge by all possible means and an unstinted patriotic application 
of time and effort have done much to make our present status what it is. 
Itself without funds, the National Research Council’s Committee on 
Aviation Medicine has guided and urged other better endowed agencies 
in their efforts. Specifically, the formulation of desiderata and criteria 


* Read before The New York Academy of Medicine, November 6, 1941. 
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for testing proposed oxygen equipment is a direct and distinct contri- 
bution of the Committee. 

Before beginning a detailed description of the types of oxygen equip- 
ment for military flying, it may be well to review briefly the reasons 
for its use. For this purpose, I have decided to show two charts which 
illustrate the cardinal reasons for the use of oxygen and the special 
requirements interposed for military aviation. 

Chart I shows very graphically in parallel column the important 
meteorological conditions encountered in ascending to higher altitudes. 

Chart II shows the total barometric pressure prevailing at increas- 
ing altitudes, the partial pressure of oxygen at normal percentage at 
those altitudes, the arterial saturation under these partial pressures and 
the arterial saturation at these altitudes when 100 per cent oxygen is 
breathed. 

It will be noted that Avhile breathing normal air the arterial satura- 
tion is significantly reduced even at 10,000 feet and is progressively re- 
duced as the altitude increases. At 20,000 feet the arterial saturation is 
only 60 per cent. This shows why normal efificiency cannot be expected 
at this altitude breathing normal percentages of o.xygen. 

When the deficiency in partial pressure using normal percentages 
is made up by providing 100 per cent oxygen in a breathing apparatus, 
the arterial samration continues to be adequate for physical and mental 
efficiency up to 30,000 feet at least. However, please note that as we 
approach 40,000 feet, the total barometric pressure drops so low that, 
even if the inspired mixture is made up of nothing but oxygen, its 
partial pressure is inadequate to preserv^e 100 per cent arterial saturation. 
Above these altitudes, arterial saturation can only be maintained by 
raising the total barometric pressure by pressurizing cabins or suits. 

But replacing the deficiency of oxygen to avoid anoxia is not the 
complete picture. In addition to the problem of anoxia, per se, we are 
beset by the ogre of aeroembolism which rears its ugly head in increasing 
ferocity, "i^fith increasing rates of climb to higher and higher altitudes 
and capability of continuing at these altitudes for increasingly longer 
periods of time, we find that the contribution which oxygen supply 
apparatus can make to the solution of this problem becomes increas- 
ingly important, "i^fithout discussing aeroembolism in any detail, suffice 
it to say tliat tlie only practical solution we have today is the augmen- 
tation of nitrogen elimination provided by breathing pure oxygen for 
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as long as possible before attaining 30,000 feet. This means, for the 
jHirposes of this evening’s discussion, that for inilitar)'' missions in which 
aeroembolism is a hazard, oxygen equipment must be capable of deliver- 
ing 100 per cent oxygen from time of take off. 

This brings us to the description of the types of oxygen equipment 
which can find application in militar)’^ aviation. In the first place, it is 
well to reiterate that it appears undesirable to settle upon a single type 
of apparatus for all purposes. This is apparent by considering the wide 
range of variations in the need to which militaty aircraft are pur. 

On the one extreme is the very fast, rapidly climbing high altitude 
interception fighter. Those small planes can take their pilots to altitudes 
at rates which make aeroembolism an important likelihood. But their 
total time in the air may not exceed two hours. Oxygen must be sup- 
plied these pilots completely unadulterated from the ground up, from 
before take off. The nature of the mission precludes any adjustment 
or attention during the flight. They must be positive, simple and gen- 
erously adequate. The whole flight will require but a relatively few 
liters of oxygen under constant flow conditions. It may be that the most 
practicable and reliable means of supply for this type is a constant flow 
system which provides a positive pressure at the face, thus reducing the 
necessity for close fitting masks. 

At the other extreme are the long range patrol bombers ufith a 
multiple crev', never or seldom attaining to extreme altitudes yet flying 
for long periods at moderate oxygen altitudes. In this type, economy 
of o.xygen is of the essence. Aeroembolism is not a problem. The creu' 
is large enough to permit considerable frequent and delicate adjustment. 
Adjustment must be capable of providing for the range of activity 
between sedentary co-pilot and ammunition-wrestling gunners. iMost of 
the crew may be comfortably warm. An e.xposed bombardier or gunner 
may be exposed to extremely low temperature on occasion. For this 
type, we may find a place for elaborate installation with facilities to 
adjust for M-ide ranges of physical exertion and altitudes, desiomed and 
operated on the basis of a cardinal need for economy. 

Between these extremes there are variations in rs'pes of aircraft where 
oxygen installation must be judged on the basis 'of rate of ascent, to 
u-har altitude, for how long a flight, with udiat degree of e.xertion or 
cold and with what opportunity for adjustment and control of equip- 
ment. Indeed, it appears unreasonable to expect a single type of equip- 
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ment to meet all requirements without some sacrifice somewhere. The 
analogy may be far fetched but the situation might be compared to 
installing the same motor in a jalopy and in a lo-ton truck. But it is 
equally true that there are many reasons for keeping the number of types 
at a minimum. Procurement, maintenance, indoctrination, familiarity, 
serviceability and uniformity all point to the desirability of a very lim- 
ited number of types. The balance benveen these two concepts must be 
struck on a fulcrum which is ever changing as types of aircraft and tac- 
tical uses vary in relative concentration. The range of choice is apparent 
when we consider the types of equipment available. 

Oxygen supply apparatus are divided, first, into (a) those which 
supply undiluted oxygen and (b) those which supply oxygen and air 
mixture. 


Undiluted Oxygen Systems 


Those supplying undiluted oxygen are divided into (r) open sys- 
tems and (2) closed systems. 
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Open Systems 

The open systems are by far the least economical of oxygen. They 
are the most dependable to furnish too per cent pure oxygen. In one 
case, the oxygen is supplied by fixed flow valves with no control over 
rates of flow. These provide a constant flow of pure oxygen through 
the breatliing mask. Tltey do not require expiratory leak-proof masks, 
have no valves to provide resistance to breathing, are not so subject to 
freezing as those with expiratory valves, are very reliable and are very 
simple in construction and operation. They are very’’ wasteful of oxygen. 
In another case, operation depends upon the lung demand principle. A 
system of valves is incorporated to permit the flow of oxygen only 
during inspiration. During expiration and the pause between expiration 
and inspiration, the supply of oxygen is cut off. Because of this inter- 
mittent flow, this type is more economical than the fixed flow valve 
type but it makes no provision for the percentage of oxygen not absorbed 
by the lungs, more than 85 per cent oxygen being exhaled to the 
open air. 

The lung demand type interposes a number of stipulations which 
require very careful control and test criteria. Tliey must function 
throughout a wide range of barometric and temperature variation. They 
must provide adequate partial pressure of oxygen up to the physiological 
ceiling. They must be capable of furnishing adequate rates of flow even 
under extreme e.xertion and peaks of inspiratory demand. They depend 
on both inspiratory and expiratory valves which must introduce a mini- 
mum resistance and must not freeze at very low temperature and mod- 
erate wind velocities. The lung demand type requires an absolutely 
leak-proof mask. If there is an inspiratory^' leak there will be dilution 
by ambient air. If there are expiratory^ leaks, there is increased cliancc 
for frostbite and loss of economy’- through failure to close the lung 
demand valve. They must be provided with emergency’- by-passes. The 
number and exactitude of these stipulations has prompted the National 
R.csearch Council s Committee on Aviation AJedicine to formulate an 
extensive set of desiderata and test criteria. If time permitted, it would 
be interesting to describe these in detail. 

Closed Systems 

The closed sy stems for supply’'ing undiluted oxy^gen are essentially’- 




rebreathers which provide for conservation of unabsorbed exhaled oxy- 
gen. There are two general types. In one the system is entirely closed 
except for a manually operated exhaust valve. Exhalation is through a 
cannister which absorbs oxygen and moisture (and incidentally gen- 
erates a small amount of oxygen) into the breathing bag. As the re- 
breathing volume is depleted by absorption of oxygen in excess of that 
generated, the deficiency is made up by the opening of a valve from 
an oxygen supply system. This may be an integrally attached flask or a 
central low pressure supply system which may be tapped at a number 
of positions distributed throughout the aircraft. This is by far the most 
economical of all oxygen breathing apparatus. It has one significant 
drawback. There is no provision for automatic exhaustion of nitrogen 
which accumulates in the system during ascents. As the ambient baro- 
metric pressure decreases, nitrogen will appear out of solution in the 
cells, tissue fluids and blood into the expired air. Even though no nitro- 
gen is introduced from the outside into the completely closed system 
as much as a liter may accumulate in the breathing circuit in an ascent 
to 18,000 feet. This accumulated nitrogen is disposed of by periodic 
flushing of the entire system by exhalation through the manually con- 
trolled exhaust valve. This requires conscious attention on the part of 
the user because there is no means of knowing the exact amount of 
dilution by oxygen. Also, as ascents are made to higher altitudes there 
will necessarily be dilution by nitrogen and this system has, therefore, 
a “built-in ceiling.” 

Another type of rebreather provides for the elimination of nitrogen 
by constant bleeding of a portion of the rebreathing volume. For this 
reason it is not so economical as the completely closed circuit type. The 
oxygen is forcibly circulated by an injector in the oxygen supply line. 
It circulates under slight positive pressure past the bleeder valve through 
a carbon dioxide absorbent, thus maintaining a high percentage of oxy- 
gen. Tidal air variations are provided for by a breathing bag. Prelimi- 
nary tests of a model of this type gives considerable promise of its 
efficiency and adaptability to military flying. 

Both types of rebreather have one common, very desirable feature. 
They supply warm oxygen. The chemical action of the carbon dioxide 
absorption produces considerable heat which extends into the inspired 
portion. At altitudes where the temperatures are low, this is a tre- 
mendousl)’' comforting thing for the user. 
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By the same token, they have one common serious impediment. They 
\vill not start at low temperature. No carbon dioxide absorbent will 
begin action in the presence of cold dr^ carbon dioxide alone. If the 
apparatus becomes chilled by not being used before cold altitudes are 
encountered or by climatic conditions, the exhaled moisture will con- 
dense before the exhaled o.xygen and carbon dioxide reaches the ab- 
sorbent. Under these circumstances the chemical reaction involved in 
the absorption of carbon dioxide will not begin spontaneously. This 
can be obviated by exhaling directly into the absorbing cannister or by 
artificially heating the exhaust tubing. Both of these introduce engineer- 
ing and service complications. Nevertheless, the promise of economy of 
oxygen in the rebreatlicr type of oxygen equipment warrants accelerated 
efforts to overcome this impediment. 

Oxygkx-Air Mixture Systems 

In the interest of economy, a number of oxygen breathing apparatus 
have been and are being developed on the general principle of permit- 
ting dilution by air at altitudes at M'hich loo per cent oxygen may be 
unncccssar)^ These are mentioned in the first division in contrast to those 
supplying undiluted oxygen. Here, again, we find a dichotomy into 
those which incorporate anaeroid control of the amount of dilution by 
ambient air and those y-hich depend upon varying rates of flow to pro- 
vide an adequate concentration of o.xygen. 

Axakroid Control Type 

1 he anaeroid control type is essentially a lung demand type which 
permits decreasing dilution of ambient air up to a minimum altitude 
above which only loo per cent o.xygen is acceptable. For the kinds of 
flying to which this type is adapted, it need not supply oxyi^cn under 
vS.o(5o feet but must supply pure oxygen at 2 5,000 feet and over. Muthin 
this range the increments of oxygen and air may vary, being governed 
on the one hand by a minimum partial pressure of oxygen of 70 mm. 
mercury and on the other hand by cconomv of oxygenT 

Several models of this n'pe of equipment arc beiny developed and 
tested. 1 hey vary in certain details such as anaeroid^ control of the 
oxygen supply, the air supply or both; methods of mixing; reduction of 
pressure from high or low pressure supply lines; means of providing for 
peak inhalations, etc., hut. csscnnally. thev embodv the same o-cncral 
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principles. To find wide or general applications, they must be provided 
with means to shut off the dilution and supply pure oxygen at all baro- 
metric pressures. 

Rate of Flow Control Type 

Any type of diluter supply system which depends upon varying 
rates of flow of oxygen to a breathing bag to provide for adequate con- 
centration of oxygen at varying altitudes and exertion and does not 
incorporate either manual or automatic means for controlling the amount 
of air intake, has certain basic fallacies.. If the rate of flow is adequate 
to provide for high altitudes and moderate exertion, it becomes essen- 
tially a free flow apparatus and economy is lost. If the amount of air 
dilution is unknoAvn or unpredictable it will expose the user to the 
insidious influence of anoxia which may become poignant at any time as 
a sudden and catastrophic collapse. 

This discussion is purposely avoiding inclusion of the different means 
of supplying oxygen to the aircraft, whether liquid or gaseous, high or 
low pressure flasks or hypothetically possible means of generation or 
compressing in the aircraft. These are essentially engineering problems. 
Two cardinal requirements must be observed: the oxygen must be pure 
and it must be dry. A detailed discussion of oxygen masks and helmets 
has also been scrupulously avoided. This subject is too interesting and 
intriguing to be sketchily included in this paper which has already 
consumed too much time. 


Types Being Used 

Just a word about the types being used by air services today. From 
information which reaches us through liaison channels, it may be said 
that, in general, European combatants are using models of the follow- 
ing types of equipment: The R.A.F. is using a type of free flow appa- 
ratus which can be adjusted for different altitudes and does not require 
a leak-proof sealed mask. They are making rapid progress in the devel- 
opment and extension to service of more economical equipment, bet- 
ter fitting masks and means for providing oxygen. The Luftwaffe has 
profited by their years of peace-time preparation and has the best equip- 
ment in service use today. They have concentrated on a lung demand 
type which is characteristically well designed and built, is very efficient 
and foolproof, has been perfected by years of meticulous research and 
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extreme service proving and could be profitably copied by any air 
service. In our service we are well equipped with oxygen apparatus. The 
Navy uses a lung demand type and the Navv rebreather. They are quire 
.satisfactory. The Armv Air Forces are using a rate of flot\' regulator 
which is meeting service needs. 

\^'e have had an excellent year of accelerated research, development 
and testing of improved oxygen equipment. In a subject as important as 
oxygen supply apparatus for military aviation, there should be no let-up 
in this program of improvement. 

1 remendous strides have been made, thanks to the charactcristicallv 
American kind of all out service of brains, sweat, ingenuity and produc- 
tivity. W’e arc prepared to write the detailed specifications for the 
immediate mass production of the best types of oxyoren equipment to 
meet the needs of our growing flying services. Those who have con- 
rribured to rliis development and have made our confidence jirstifiablc. 
have every reason to be genuinely proud. 
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SOME RECENT ADVANCES IN 
DRUG THERAPY* 

Louis Sanford Goodman 

Assistant Professor of Pharmacology 
Yale University School of Medicine, New Haven, Connecticut 


subject for discussion this afternoon is “Some Recent 
Advances in Therapeutics.” It was decided that such an 
assignment could be turned to the best advantage of the 
listeners by reviewing the majority of important thera- 
peutic advances rather than by selecting only a few top- 
ics for detailed discussion. In addition to answering the perennial ques- 
tion, “Well, what is new?”, an attempt will be made to answer the more 
important query, “What is it worth?” With this plan iii mind, it is of 
interest to sun^ey briefly the newer advances in drug therapy by ar- 
ranging them in groups according to their relative clinical value. For 
the purpose of the present discussion, new drug therapies, or new ways 
of employing old drugs, have been arranged in four groups— according 
to the following scheme: In Group I are included those advances which 
are now generally accepted and of proven worth. In Group II are 
listed those advances which are very promising, but which require fur- 
ther clinical investigation before being widely employed in daily prac- 
tice. In Group III are placed what, in the reviewer’s opinion, are ques- 
tionable therapies, requiring further work to delineate their proper 
status. In Group IV are listed those therapies which, in the reviewer’s 
opinion, either hold very little promise, or which are irrational and 
destined for eventual discard. Some medical toes are bound to be tread 
on in attempting any such classification as this, and it must be empha- 
sized that the selection is purely one person’s appraisal. It is to be re- 
gretted that a detailed presentation of the reasons underlying each par- 
ticular classification cannot be given here. 

Group I 

In Group I are tabulated those recent advances in drug therapy of 

* Delivered at The New York Academy of Medicine, November 7th, 1941, in the Friday Afternoon 
Lecture Series. 
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l!i:cr,N'T 'IHKHAPErTIC ADVANCES OF FllOVEN V’OUTII 


Newer sulfonamide-*- (sulfn- 
<iiarine. siilfapnanidinc) 

I/oeal tisc of sulfonamides 

I’rnjihylactie oral use of 
sulfonamides 

Dilantin (in cpilcjisy and in 
)>syeliie ctjiiivalenls) 

lUood snlistitutes (Imman 
))lasma) 

Newer ejiincjilirinc prejta- 
ralions (inhalation, le^; 
oil solution, 0.2%) 

Theophylline ethylene di- 
amine (in hroneliial n.sth- 
ma) 


.\ntispasmodic .atropine 
substitutes (syntropan, 
I trnsentin, etc.) 

Tliiaminc (in dcfieicncy 
neuritis, C-V states, 
ophlhalmoplcpia) 

- Nicotinic acid (in pellagra, 
! deficiency encephalo- 
pathy) 

i 

' Hihofiavin (in defieieney 
elicilo.si.s, keratitis) 

X'itamin K (in hemorrha- 
gic diathe.scs due to a 
protiiromhin deficiency) 


nihydrotaehystcrol (in par- 
athyropriva) 

I 

Desoxyeorticostcronc (in 
Addison’s disease) 

i 

' (Quinine (in myotonia con- 
genita) 

j i'ajiavcrinc (in peripherat 
, and pulmonary arterial 
' emboli.sm) 

1 Heparin (in blood vc,sscl 
surgery; to prevent 
: tliromboses and embo- 

I lism; etc.) 

I 


proven worth wiiich arc to be recommended for use in daily practice 
('I able 1 ). 

iVcorcr Sulfonamide Therapy. At the head of the list appear the 
newer sulfonamide therapies. Tiicsc have been so adequately dealt with 
in the current literature that it is not intended here to discuss them in 
any detail. Sulfadiazine and sulfaguanidine arc the latest valid additions 
to the .sulfonamide family. The local use of the entire group has come 
into considerable prominence within the last year and the value of this 
local therapy for medicine and surgery is difficult to exaggerate. Some- 
what overshadowed is the fact that there arc certain valid prophylactic 
uses for oral medication with suIfonamidc,s. including the foiiowin<T con- 
ditions or diseases: the quiescent stage of rheumatic fever, scarlet fever 
contacts when the Dick test is positive, meningococcus carriers, com- 
pound fractures, extensive tissue injuries, peritonitis, otitis media, and 
bums, and prior to resections of the large bowel, urological operations, 
etc. With these sketchy remarks, respect has been paid to the most 
important advance of the century, and other druff therapies may notv 
be considered. 

Dilantin in Epilepsy. Dilantin has become firmlv and deservedly 
entrenched in the treatment of epilepsy- since its introduction in 193S, 
and pns<^c-sscs two outstanding advantages. First, dilantin is not a seda- 


tive. Secondly, in addition to being at least as effective as bromide, phe- 
nobarbital, or the ketogenic diet in the control of grand mal, it is much 
more effective in the management of seizures of the psychomotor equi- 
valent variety. Therapy with phenobarbital or bromide, as a rule, does 
not improve and may even aggravate symptoms in patients with psychic 
equivalents. 

Human Plasma as a Blood Substitute. Of all the substitutes for human 
blood, the best is undoubtedly human plasma, either stored as such, or 
dried by the lyophilic method. Plasma is especially useful in the treat- 
ment of surgical and traumatic shock, in burns when loss of available 
plasma occurs, to combat hypoproteinemia, and as a temporary substi- 
tute for whole blood in hemorrhage, when whole blood is not imme- 
diately available. The plasma from different donors may be pooled and 
blood grouping of the recipient is then not necessary. 

Newel' Preparations of Epinephrine. In the symptomatic treatment 
of allergic states, and especially in bronchial asthma, the newer prepa- 
rations of epinephrine have been of considerable assistance. These in- 
clude the strong solution of epinephrine (itioo), inhaled after nebuli- 
zation, and the solution of epinephrine in oil (1:500), injected subcu- 
taneously or intramuscularly for prolonged therapeutic effects. 

Theophylline in Bronchial Asthma. Not yet fully appreciated is the 
fact that within very recent years theophylline has been established as 
an effective bronchial antispasmodic. The mechanism of action of the 
drug is a direct spasmolytic effect on the bronchial smooth muscle. In 
asthma, it is usually administered by mouth for prophylactic purposes, 
or for control of symptoms in cases of moderate severity; but the drug 
often produces dramatic relief of status asthmaticus when injected in- 
travenously. Theophylline with ethylene diamine, commonly known as 
aminophylline, is the preparation used for parenteral administration. This 
drug deserves wider clinical trial. 

Synthetic Atropine Substitutes. Among the synthetic substitutes for 
atropine are several valuable antispasmodics— including novatropine, eu- 
mydrine, syntropan and trasentin. These are not exactly new drugs 
but only vathin the last two or three years has their clinical usefulness 
become generally appreciated. Novatropine and eumydrine retain much 
of the atropine structure, but syntropan and trasentin are more closely 
allied to the local anesthetics and actually have local anesthetic potency. 
Indeed, one may wonder whether the rapid relief of pain reported to 
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occur when tlicsc two compounds arc given orallv to patients with 
peptic ulcer may not, in some measure, be due to a local anesthetic 
action. All four agents have been found effective as antispasmodics and 
one or the other has been succcssfullv employed in the symptomatic 
treatment of a variety of clinical conditions, including the following: 
pyloric .stenosis in infants, .spastic dv.smcnorrhca. ureteral colic, urethral 
sjtasm, hypertonic urinary bladder, spastic dy.skinc.sia of the gall bladder 
and biliary ducts, and gastrointc.stinal spastic states. The common dc- 
nomitiator of all these conditions is .smooth muscle .spasm. Tltc agents 
mentioned relax the spasm without producing the unpleasant effects of 
atropine f)r other belladonna allcaloid.s. such as dry mouth, mydriasis, 
and changes iti cardiac rate. In other Mords. more discrete therapeutic 
results arc obtained. Syntrojtan and tra.sentin, in particular, produce their 
therajtcutic cfTccts by acting more dircctiv on smooth muscle rather 
than by blocking cholinergic nerve impulses to smooth muscles. Before 
leaving this topic, it might be mentioned that quite recently certain 
obstetricians have been employing .syntropan experimentally in labor, 
on the ba.sis that dysrf)cia of maternal origin is commonly due to func- 
tional spasm of the cervix, and that the drug might hasten cervical dila- 
tation. Preliminary results obtained on several hundred patients indicate 
that labor may lie shortened in duration by as much as 50 per cent, 
both in primijtara and multipara, and apparcntlv without deleterious 
effects on mother or infant. Obviously, this work requires careful study 
and confirmation before its status can be decided, 

7 biatitaic. 1 hiaminc, or vitamin B„ is important in human nutrition. 

1 lowcver. as a therapeutic agent, it .should be employed chiefly when a 
ilefinitc deficiency is present, as in frank beriberi, in deficiencies char- 
nctcnV.etl liy certain forms of cardiovascular or gastrointestinal disorders, 
in .symmetrical peripheral neuritis due to a lack of the vitamin and in 
Wernicke’s ophthalmoplegia. 

Nicotinic Acid. Xicotinic acid, another member of the vitamin B 
f.unih , IS similarly important in nutrition. Idowcver, as a therapeutic 
agent, it too should not be employed except in the presence of a spe- 
cific and clear-cut nicotinic acid deficiency. As far as Icnown at present, 
this occurs only in pellagra, and in an encephalopathv due to a dcficiencv 
<•! the vitamin. 

Rihofiavut, Ribotlavin. another constituent of the vitamin B com- 
pk\. IS also esNential in human nutrition. As a therapeutic aircnr. it should 
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be employed only when a definite deficiency is present. As far as is now 
known, such a deficiency of riboflavin manifests itself in man only 
in certain types of cheilosis, and in ocular disturbances consisting chiefly 
of a vascularizing keratitis, photophobia and impairment of visual acuity. 

Vitmiin K. Vitamin K is essential in human nutrition because of the 
role it plays in the production of prothrombin. In preventing or curing 
hemorrhagic diatheses due to hypoprothrombinemia, substances possess- 
ing vitamin K activity share qualitatively the same mechanism of action 
in elevating the plasma prothrombin. These substances are employed 
both prophylactically and therapeutically. In general, vitamin K is useful 
only in those hemorrhagic conditions in which abnormal bleeding is due 
to a low concentration of plasma prothrombin that is not occasioned 
by hepatic cell injury. This limits the employment of the vitamin to 
the hemorrhagic diatheses of certain types of hepatic and biliary disease, 
and to rarer instances of deficiency caused by faulty diet or absorption 
defects of the intestine other than those caused by a loss of bile. Vitamin 


K is employed prophylactically in all jaundiced patients in whom sur- 
gical procedures are planned, and also postoperatively if the prothrom- 
bin level was low before operation. Vitamin K is also a valuable agent 
in the treatment of hemorrhagic diseases of the newborn, and its admin- 
istration to pregnant women prior to delivery has become routine. The 
commonly employed synthetic vitamin K preparation, 2-methyl-i, 4- 
naphthoquinone has been given the non-proprietary name “menadione” 
by the Council on Pharmacy and Chemistry of the American Medical 

Dihydrotachy sterol in Parathyroprwct. Dihy dr otachy sterol is a drug 
derived during the progressive irradiation of ergosterol. It is closely re- 
lated to vitamin D. Within recent years, it has proven to be definitely 
useful in the management of patients with parathyropriva, having the 
advantage of being effective after oral administration. It is thought to 
exert its beneficial effect in raising the serum calcium and lowering the 
serum phosphorus through a mechanism of action similar to that of para- 
thyroid extract. _ • . 

Deoxycorticosterone in Addison's Disease. Desoxycorticosterone, 

one of the several adrenal cortical hormones, has proven of great va ue 
in the treatment of patients with Addison’s disease, but tts use nec®i- 
tates considerable attention to the intake of sodmm “ “ 

increase blood volume and thereby tax the circulation. It also appears 
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that desoxycorticosterone does not correct the defect in carbohydrate 
metabolism which exists in adrenal cortical insufSciency. For this reason, 
it may be necessary at times to supplement desoxycorticosterone with 
crude extract of the adrenal cortex, especially in patients who are quite 
ill or during periods of infection. For patients in an Addisonian crisis, 
the treatment of choice appears to be large amounts of adrenal cortical 
extract combined with solution of sodium chloride and sodium citrate 
injected intravenously. Adrenal cortical extract manifests both the elec- 
trolyte and the carbohydrate metabolic activities of the gland, and thus 
more nearly approaches complete replacement therapy than any single 
crystalline cortical hormone at present commercially available. 

Quinine in Myotonia Congenita. Myotonia congenita or Thomsen’s 
disease, a rare myopathy of unknown origin, is the pharmacological 
antithesis of myasthenia gravis. Recently, quinine has been found to be 
effective in the symptomatic treatment of the tonic spasm of skeletal 
muscles characteristic of the syndrome. The myotonic symptoms are 
quickly and sometimes entirely relieved, and the abnormal electrical 
reactions return to normal. The basis of the action of quinine is its abiF 
ity to abolish the abnormal sensitivity of the myotonic muscle to me- 
chanical stimulation. Therapy is not curative and benefit is obtained 
only as long as the alkaloid is given. It is of interest that quinine also is 
effective in obliterating the muscular rigidity in goats suffering from 
a form of congenital myotonia similar to that occurring in humans. 

F apaverine in Arteiial Enibolwn. Papaverine, the chief member of 
the benzylisoquinoline group of opium alkaloids, has long been known 
in therapeutics, but only within recent years has it become firmly es- 
tablished as a valid and useful vasodilator in the emergency treatment 
of peripheral or pulmonary arterial embolism. For this purpose, it is in- 
jected intravenously in generous doses, and is often saving of life as well 
as limb. 

Heparin in Prevention and Therapy of Thrombosis and Embolism, 
in Blood Vessel Surgery, etc. Within recent years, heparin has been suf- 
ficiently purified and reduced in price to the extent that it is now avail- 
able for clinical use. It has been found of value in the therapy of a wide 
variety of medical and surgical conditions and procedures, including 
surgery of blood vessels, blood transfusion, prevention and treatment 
of thrombosis and embolism, thrombophlebitis, etc. The chemistry and 
mechanism of action of heparin have been considerably elucidated of 
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Taiii,e II 

PROMISING NEWER THERAPIES REQUIRING FURTHER STUDY BEFORE 
BEING GENERALLY EMPLOYED 


Newer digitalis glycosides 

Benzedrine (in epilepsy, in 
parkinsonism) 

Picrotoxin (in barbiturate 
poisoning) 

Curare and erythroidine (in 
certain neuromuscular 
syndromes) 

Organic mercurial diuretics 
(by mouth) 

Short-term massive arseno- 
therapy (in early syphi- 
lis) 


Sobisminol (orally in sy- 
piiilis) 

Rotenone (in scabies, in 
chigger-mite deimatitis) 

Benzyl benzoate (in scabies) 

Plienothiazine (in entero- 
biasis) 

Gentian violet (in entero- 
biasis, strongjdoidiasis) 

Atabrine (in giardiasis) 

Plasma protein precursors 
(intravenously) 


Metopon (morphine substi- 
tute) 

Gramicidin (in bacterial in- 
fections) 

Penicillin (in bacterial in- 
fections) 

Synthetic estrogens (stil- 
bestrol) 

Progesterone (in threaten- 
ed or habitual abortion, 
functional bleeding, dys- 
menorrhea, afterpains, 
etc.) 


late, and the drug has at last become a valuable addition to the physi- 
cian’s armamentarium. 


Group II 

In Group II are listed those recent advances in drug therapy which 
are very promising, but which require further clinical study before 
being generally employed in daily practice (Table II). Likewise in- 
cluded are those recent contributions which, though purely in the 
experimental stage of investigation, show every promise of eventually 
proving to be therapeutically useful. 

Newer Digitalis Glycosides. In recent months, the “native” glyco- 
sides of the lanata species of digitalis have received considerable atten- 
tion, particularly in comparison Muth digitalis purpurea, the official 
U.S.P. source of digitalis. The three native glycosides of digitalis lanata 
are known as lanatosides A, B and C. When all three are employed, 
their combination provides an acceptable digitalis preparation for oral 
use, but this does not mean that such a preparation possesses any com- 
pelling advantages. Being water-soluble, lanatoside C has been employed 
for intravenous administration, but this route is warranted, as a rule, 
only when digitalis medication must be given quickly, that is, when 
minutes rather than hours determine the difference between life and 
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death. If the clinical findings obtained with lanatoside C are confirmed 
by further study, it is likely that this drug may then be added to the 
list of older and better known water-soluble, crystalline cardiac glyco- 
sides senficeable for parenteral administration, such as ouabain and 
strophanthin. 

One can not help but take this opportunity critically to examine the 
advantages claimed for crystalline digitalis glycosides as compared to 
official galenical preparations, such as the powdered leaf and tincture. 
These claims include accuracy of dosage, a wider margin of safety (of 
lanatoside C, in particular) , and the stability of purified crystalline prep- 
arations. While it must be admitted that the U.S.P. bioassay of digitalis 
allows much to be desired, no serious difficulty need arise therefrom in 
daily practice. In the last analysis, any particular product, galenical or 
purified, must be assayed on each patient, and individuals may vary con- 
siderably. The claim concerning the higher margin of safety of lanato- 
side C is especiall)7^ misleading. All cardiac glycosides have the same 
basic action on the failing heart, namely, to increase the tone and force 
of contraction of the heart muscle. No good evidence exists that the 
toxic properties of digitalis-like drugs can be dissociated from their ther- 
apeutic actions. Therefore it remains to be proven that there are clini- 
cally significant variations in margins of safety between galenical digi- 
talis preparations and purified glycosides. The toxic actions of all 
digitalis-like drugs are merely extensions of their therapeutic effects. 
Their potency or toxicity depends not on the degree of purification 
before being wrapped in the package, but on the amount of drug swal- 
lowed by the patient. The claim concerning stability is also misleading 
because all reliable studies show that galenical preparations of digitalis 
keep for many years without significant loss of potency. Finally, cost 
is an important factor, since most patients must take digitalis for life. 
By and large, the purified glycosides are much more expensive than 
U.S.P. digitalis leaf. Furthermore, even the lanatosides must undergo 
further chemical changes in the body before their active principles 
are released, and the patient’s intestinal juices can release these prin- 
ciples from crude digitalis leaf as effectively as can the pharmaceutical 
chemist, and also much more cheaply. 

For all these reasons, it is the opinion of the revietver that in the 
ovenvhelming majority of patients ttfith heart failure, one will find that 
U.S.P. powdered digitalis leaf is easy to administer, is readily absorbed 
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when given by mouth, is effective in its action on the myocardium, 
possesses an adequate margin of safety, is stable in potency, and that 
cumulation and elimination occur in the body at rates allowing com- 
plete digitalization at varying speeds and satisfactory maintenance of 
desired therapeutic effects for long periods of time. The burden of proof 
that any digitalis substitute or purified fraction is more valuable than 
U.S.P. digitalis still rests on those making such a claim. The general 
practitioner will do well for the present to select his therapeutic agents 
from U.S.P. preparations, and to leave the final evaluation of purified 
glycosides to the experimental investigator. Both he and his patients 
stand to gain thereby. 

Benzedrine as an Adjuvant in Epilepsy and Parkinsonism. Benze- 
drine, one of the newer members of the epinephrine family, has recently 
been put to two promising uses, which, if substantiated by further cli- 
nical experience, will indeed represent definite therapeutic advances. 
Benzedrine differs from some of its immediate chemical relatives by 
having a powerful stimulant action on the central nervous system. This 
action is especially useful, for example, in the treatment of narcolepsy, 
and for the therapy of poisoning by central nervous system depressant 
drugs. Of particular interest at the moment is the fact that benzedrine 
may prove to be a valuable adjuvant to phenobarbital in the sympto- 
matic treatment of epilepsy. Certain patients require large amounts of 
phenobarbital to control seizures. These large doses are likely to cause 
sufficient dizziness, ataxia and drowsiness to prevent the employment 
of phenobarbital. The concomitant use of benzedrine dissipates the 
untoward effects, and allows doses of phenobarbital to be employed 
which otherwise would be impossible. Apparently benzedrine used in 
this manner has no untoward effect on the character or incidence of 


the seizures. 

Benzedrine is also a valuable adjuvant to belladonna alkaloids in the 
symptomatic therapy of postencephalitic parkinsonism. The mechanism 
of this action is not fully understood. In conjunction with atropine, sco- 
polamine, stramonium or mixtures of belladonna alkaloids, benzedrine 
may allow a better sleep cycle, increased energy, subjective improve- 
ment in muscle strength and rigidity, and relief from, oculogyric crises. 
Indeed, benzedrine appears to be almost a specihc for oculo^ric enses. 
the attacks being reduced in number and seventy, or entire y is p 
pearing. Best results are obtained when the disease is postencephalitic 
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rather than arteriosclerotic in origin, and when organic defects and per- 
sonality changes are minimal. 

Yicrotoxm m Barbiturate Boisoning. Picrotoxin is another central 
nenmus system stimulant. Until recent times, it was largely a laboratory 
curiosity. It is capable of lessening the degree of depression and of stim- 
ulating respiration in patients poisoned by anesthetic agents, especially 
barbiturates, against which it appears to be an effective pharmacologi- 
cal antagonist. The ultimate status of picrotoxin in comparison with 
better known analeptic agents, such as caffeine, strj'^chnine, ephedrine, 
carbon dioxide and metrazol, remains to be determined. Like strychnine, 
it must not be employed in the treatment of morphine poisoning. 

Curarijorm Drugs in Cei'tain N euronniscular Syndromes. Passing 
from central nenmus system stimulants to skeletal muscular depressants, 
some mention may be made of curare, which in recent months has 
received considerable attention in the lay as well as the medical press. 
Curare and certain other alkaloids such as erythroidine, are capable 
of depressing neuromuscular junctions of skeletal muscles so that the 
response to nerve impulses is diminished or abolished. Older sporadic 
attempts to use curare clinically met with little success, due chiefly to 
difficulty in obtaining purified and standardized preparations. Lately, 
however, curare has been employed for the prevention of traumatic 
fractures incident to the metrazol therapy of schizophrenia. This has 
reawakened interest in the use of curare for other syndromes, and some 
measure of success has been obtained in patients with spastic paralysis, 
dystonia musculorum deformans, and torticollis. It is to be hoped that 
the active in\"estigations now under way in a number of laboratories 
and clinics will provide curare-like preparations suitable for clinical use, 
and possessing a selective action on abnormally functioning muscles, as 
u'eH as a wide margin of safety regarding respirator^'' and cardiovascular 
depression. 

Oi a! Adtninisti'ation of A'lei'curial Diuretics. The successful use of 
organic mercurial diuretics by the rectal route allowed the hope that it 
would eventually be possible to give these valuable agents by mouth 
in patients ndth edema or ascites due to heart failure or cirrhosis of the 
liver. That hope stands on the tltreshold of realization and within the 
last year successful results have been obtained with a preparation of 
salyrgan combined with theophylline. Satisfactory diuresis results in 
approximately 70 per cent of patients. Although 'this figure is belotv 




the 95 per cent success achieVed by the intravenous route, it is higher 
than the 6o per cent obtainable by the use of mercurin suppositories. 
Untoward gastrointestinal symptoms such as epigastric discomfort and 
diarrhea are mild and infrequent. In patients who are not acutely ill 
and do not require immediate and drastic diuresis, the oral preparation 
may well prove to be the agent of choice and to have a definite advan- 
tage over the rectal route. At present, the drug is released only for 
investigational purposes, but if the success to date continues to be con- 
firmed, it may soon be routine to administer mercurial diuretics by 
mouth. In employing either the oral or rectal route, the major contra- 
indication to the use of mercury must still be rigidly observed, namely, 
that mercury is not to be employed if renal function is noticeably im- 
paired. This holds true regardless of the cause of the edema. 

Short-Terw Massive Arsenotherapy of Early Syphilis. Being resi- 


dents of the New York area, most of you undoubtedly are fully aware 
of the highly important work being done with the massive short-term 
arsenotherapy of early syphilis. This therapy holds great promise, and 
the public health and economic advantages are evident to all. Immedi- 
ate clinical and serologic results are quite favorable, but several more 
years of intensive study will be required before the late clinical results 
can be determined and compared with those obtainable by the accepted 
routine of prolonged continuous therapy, as sponsored by the Cooper- 
ative Clinical Group. Much remains to be learned concerning optimal 
dosage, the arsenicals of choice, the duration of therapy, and the exact 
incidence of toxic reactions. It must be emphasized that the treatment 
is still relatively new and should be conducted mainly in those medical 
centers where adequate facilities for careful study are available. On y 
harm can come from promiscuous use of the method. It should be 
confined to patients with early syphilis and is strictly a hospital pro- 
cedure. Deviations from the outline of treatment as described by the 
originators of the continuous intravenous drip arsenotherapy s ou 


be undertaken only by experts. 

Sobimmol in the Orel Therapy of Syphilis. The status of bisnrat 

as an adjuvant in the therapy of both early and late syp^ - ™1I 

known To the patient, however, an unpleasant feature of 

trelent with bisntuth is the necessity f 'XI* 

the metal. Lately, it has been demonsaated X”™”! Itoinistration 
in special solvents are adequately absorbed after oral admimstratio 
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and exert chemotherapeutic effects in the tissues. Although this M'ork 
is still in the investigational stage, the reports to date are promising. 
The preparation accepted by the Council on Pharmacy and Chemistry 
for oral use is sobisnimo] mass. Until more is learned concerning: the 
action of sobisminol mass in syphilis, its employment should probably 
be restricted to patients unable to receive intramuscular therapy, and to 
supplant treatment by that route in patients compelled for a time to be 
out of contact with their physicians. Special limitations and dangers 
accompany the use of bi.smuth by the oral route, and these should be 
understood before employing it. 

Rotenove as a Contact Insecticide. Rotenone is a drug recently intro- 
duced in clinical therapeutics after a successful career as a contact insec- 
ticide in agriculture and veterinary medicine. It has received much 
prominence in magazine articles and its collection, importation and use 
in the United States represent a growing and important industry. Ob- 
tained from derris root and at present from the South American cube 
root, rotenone is a highly complex organic compound which is very 
toxic for insect pests but relatively harmless to warm-blooded animals. 
Its chief value in therapeutics is for scabies and for chigger-mite der- 
matitis. It is applied in the form of a one or two per cent lotion. Ro- 
tenone treatment is apparently effective and has the definite advantages 
over the usual scabeticides in not being odorous or messy, or causing 
staining or skin irritation. 

Benzyl Benzoate as a Scabeticide. While on the subject of scabeti- 
cides, a word should be said about benzyl benzoate, a drug which had 
a short clinical trial about r 5 years ago as an antispasmodic, a property 
which it fails to exhibit clinically. Benzyl benzoate now turns out to 
be an efficient scabeticide, and has been shown by the British to be 
effective after, a single application. It has been found especially useful 
Mdien people are living under air raid conditions and the danger of 
infection is great. Benzyl benzoate is applied as a lotion, which can 
be made tvith equal parts of the drug, soft soap, and alcohol. 

Bhenothiazine in Enterobiasis. Phenothiazine is another contact insec- 
ticide employed in agriculture as a lead and arsenic substitute with low 
toxicity for mammals. It was quickly found to be an excellent vermi- 
fuge for cattle, swine, sheep and horses. The urine of animals given 
pitenothiazine was observed to rum red on exposure and not to putrefy. 
Investigation showed that phenothiazine - the mother substance of 
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methylene blue and certain other dyes— is excreted in the urine and 
eventually oxidized to thionol, a red antiseptic dye, especially if the 
urine is acid. This led to the clinical trial of phenothiazine as a urinar)’- 
antiseptic. Although the drug showed considerable promise, mandelic 
acid was already firmly entrenched as a urinary antiseptic, and the 
sulfonamides were rapidly rising to first place. Not to be deterred, phe- 
nothiazine moved on to new fields and has within the last year been 
shown to be a very effective agent in the treatment of pinworms. Al- 
though enterobiasis hitherto has been particularly difficult to treat in 
children, it appears that a single five-day course of phenothiazine will 
cure 90 per cent of cases, and untoward symptoms are not experienced. 

Gentian Violet as an Anthelmintic. Gentian violet, an antiseptic dye. 


is not a new drug but recently it has been put to new uses. It too has 
been found quite effective in the treatment of pinworm infestation. 
Like phenothiazine, it cures 90 per cent of cases after a single lo-day 
course of treatment. Unlike phenothiazine, however, gentian violet 
causes mild untoward gastrointestinal effects in a considerable number 
of persons receiving it. Gentian violet has also been found of value in 
the treatment of strongyloidiasis. 

Atabrine in Giardiasis. Before leaving the subject of human para- 
sitic infestations, mention should be made of the fact that atabrine, an 
effective synthetic antimalarial drug, has within the last year been es- 
tablished as a curative agent for giardial infestation m man. The dose 
' employed is similar to that used in malaria, and cure is effected in nearly 
100 per cent of patients. It is now possible to determme whether giardia 
infestation produces symptoms, because the organism is usually con- 
sidered to be nonpathogenic for humans. Nevertheless, a large number 
of patients harboring the parasite complain of diarrhea, abdominal 
pain, asthenia and irritability. Evidence exists that a significant number 
of such patients may be freed of their symptoms by treatment wi h 
aabrine. Further work may indeed establish that the flagellate is mtldly 
pathogenic. In any event, atabrine would appear to be a specific cure 
^ Intravenous Mmimsmtion of Ftawra md Tisstte Frotem Frecunors 
An extremely important field of research which may soon have direct 
clinical applicability concerns the parenteral admmistranon of p 
cursors of tissue and plasma proteins. The possibility of J 

protein or its precursors by routes other than the oral has long engaged 
rima^nation of medical investigators. Such therapy would prove 
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valuable in the treatment of a variety of conditions including hypopro- 
teinemia, certain types of malnutrition, and dysfunctions of the enteric 
tract due to disease or surgery, characterized by inabilit)’- to take suffi- 
cient protein by mouth. It has already been possible to inject amino- 
acid mixtures or protein digests intravenously in humans without appre- 
ciable toxic effects. Further advance in this important field awaits de- 
velopment of the proper types of commercial preparations— minimal 
criteria being lack of toxicit)>-, reasonable price, and ability^ to meet the 
nitrogen requirements of the body. It is perhaps well to emphasize that 
this type of therapy is not suitable for shock, in which condition better 
and more rapidly acting therapeutic agents are available. 

Synthetic Morphine Substitutes. The general practitioner is probably 
unaware that from 1929 to 1941, an extensive cooperative research pro- 
gram was in progress to study>- morphine, its derivatives, and substitutes, 
under the joint auspices of the National Research Council, The Nar- 
cotic Bureau of the United States Public Health Service, and the Uni- 
versities of Virginia and Michigan. Many valuable contributions emerged 
from this extensive investigation. Of the many substitutes for mor- 
phine which were synthesized and studied, the one most promising is 
known as “metopon.” Chemically'", it is a methyl derivative of dilaudid. 
It appears to have definite advantages over morphine in that respiratory 
depression and emetic properties are less noticeable, and analgesic po- 
tency is more prominent than euphoria or narcosis. It also seems that 
metopon may have less liability for producing addiction. In other 
words, metopon offers greater analgesic power with less risk of addic- 
tion and with fewer untoward side-actions. Further clinical experience, 
however, is required to substantiate these findings. At present the drug 
is available only for investigational purposes. 

amicidin in Bacterial Injections. The discovery of sulfonamides 
undoubtedly provided a sharp impetus to chemotherapeutic research in 
general, and particularly with regard to antibacterial agents. The good 
earth which yields our sustenance contains a wealth of important bac- 
teria capable of performing many remarkable biochemical reactions. In 
1939, from an aerobic sporulating soil bacillus, Dubos and associates 
isolated a bactericidal cr^'stalline principle which selectively kills Gram- 
positive cocci, and \vhich was therefore named gramicidin. Gramicidin 
IS a ctystalline substance, soluble in alcohol and acetone but not in 
water, and containing a number of amino-acids combined to form a 




polypeptide. In the test tube, as little as 0.005 mgm. of gramicidin kills 
one bilhon pneumococci or group A hemolytic streptococci. The men- 
ingococcus and gonococcus are moderately affected, but Gram-nega- 
tive bacilli are not susceptible. In mice, for example, a single intraperi- 
toneal injection of 0.001 mgm. of the drug protects against 10,000 
minimal lethal doses of pneumococci or streptococci, and larger doses 
cure well-established infections. Preparations of gramicidin at present 
available are not only water-insoluble but are also hemolytic. This 
restricts their clinical use to local application to the body surface and 
to irrigation of closed cavities. However, there is good reason to be- 
lieve that water-soluble and non-hemolytic fractions of the drug may 
soon be available. Gramicidin has shown considerable promise in pre- 
liminary clinical trials in a variety of infections caused by Gram-positive 
cocci. Among the conditions successfully treated are the following: 
infected stasis ulcers, acute maxillary sinusitis, eczematoid dermatitis, 
wound infections, persistent cystitis, and pneumococcal empyema. No 
evidence of systemic toxicity has been reported as yet, tissues are appar- 
ently undamaged and healing of wounds is accelerated. Many problems 
concerning gramicidin are being actively studied and its eventual status, 
especially in comparison with local sulfonamide therapy, remains to be 
determined. The outlook, however, is very promising. At present, 
gramicidin is available only for investigational purposes. 

Fenicillin in Bactmal Infections. Another potent bactericidal agent 
obtained from cultures of microbial cells is penicillin, discovered in 
1929 by Fleming, but developed to the point of clinical applicability 
only within the last year. Penicillin is so named because it is produced 
by a mould, probably FeniciUiunr notatnm., a first cousin to the mould 
responsible for the ripening of Camembert cheese. It is extracted from 
the culture medium, dried by the lyophilic method, and consists of a 
yellow, water-soluble powder, the chemical composition of which is 
not yet determined. Penicillin is active against a variety of microorgan- 
isms in dilutions of one to a million or more, including the streptococcus, 
staphylococcus, gonococcus, meningococcus, and anaerobes of the gas 
gangrene group. For example, in the test tube, 0.00 r mgm. in one cubic 
centimeter of culture medium will inhibit the grov'^th of 2,500,000 
hemolytic streptococci. Most of the Gram-negative bacilli, however, 
are unaffected except by high concentrations. Experimentally, animals 
are protected by penicillin against numerous bacterial infections, and 
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mice can be prevented from succumbing to 100,000,000 lethal doses of 
streptococci. Penicillin differs from sulfonamide drugs in three impor- 
tant ways; First, it is more potent. Secondly, it completely inhibits bac- 
terial growth even udien the cultures are heavily inoculated, and this 
is of great importance in the titerapy of heavily infected wounds. 
Lastly, penicillin is not inhibited by tissue autolysates, an advantage in 
the therapy of suppurating wounds. Being water-soluble, it can be 
administered to patients by a variety of routes, including the intra- 
venous. Although clinical studies are as yet meager, those conducted 
by the group in O.vford, England arc particularly encouraging. The 
drug has been employed successfully in patients noth a variety of bac- 
terial infections, including osteomyelitis, urinary tract infections, large 
carbuncles, infectious conjunctivitis, etc. It has proved valuable in cases 
which failed to respond to surgery or sulfonamides. Toxic effects, have 
not been obsen^ed. At present, the chief handicap is the inadequate 
supply of the drug. The available evidence suggests that penicillin is 
an effective and potent chemotherapeutic agent of low toxicity, but 
its ultimate status in relation to gramicidin and sulfonamides remains to 
be determined. 

Synthetic Estrogens (Diethylstilbestrol). In recent years, much ex- 
perimental and clinical work has been done with synthetic estrogens. 
These differ from naturally occurring estrogens in that they are derived 
from a chemical known as diphenylethylene or stilbene. The most 
active member has therefore been named stilbestrol (diethylstilbestrol) 
because of its high estrogenic potency. The actions of diethylstilbestrol 
are almost identical with those of the naturally occurring e.strogens, 
but the compound is many times more potent than estrone when admin- 
istered orally, and from two to four times more active when given 
parenterally. However, after parenteral administration, it is less active 
than estradiol. The therapeutic indications for diethylstilbestrol are the 
same as for the naturally occurring estrogens, and the drug has been 
successfully employed in the treatment of many of the conditions 
requiring estrogenic therapy, such as menopausal symptoms, senile vagi- 
nitis, gonococcal vulvovaginitis, etc. The two ouLstanding advantages of 
diethylstilbestrol are first, that it can be given conveniently by mouth, 
and secondly, that it is much cheaper than other estrogens. However, 
there is some evidence that its use results in a fairly high incidence of 
mild toxic reactions, especially nausea and vomiting. Although not all 


investigators have noted a significant incidence of untoward reactions 
and while it seems likely that these are mainly due to overdosage, never- 
theless more information must be obtained to demonstrate that diethyl- 
stilbestrol is relatively non-toxic, and this factor should be weighed 
against those of cost and ease of administration in determining the choice 
of estrogenic preparation. 

Progesterone Therapy in Threatened or Habitual Abortion, Func- 
tional Bleeding, Dysmenorrhea, etc. Although the active principle of 
the corpus luteum was isolated and chemically identified in 1934, the 
synthetic commercial preparation has been available for general use only 
within recent years. Sufficient clinical data have now accumulated to 
indicate the worth of progesterone therapy, but it must be emphasized 
that such therapy is relatively new and still in the stage of clinical ex- 
perimentation, Progesterone has been employed successfully in threat- 
ened abortion. However, threatened abortion may be due to a defec- 
ti^'•e embryo, and the administration of progesterone may then defeat 
nature’s purpose in expelling the abnormal embryo. The drug has also 
been used in certain cases of habitual abortion. The mechanism of action 
of progesterone in maintaining pregnancy is apparently the suppression 
of uterine motility and, in the earlier stages of gestation, the mainte- 
nance of a proper type of endometrium to insure an adequate circula- 
tion to the fetus. The hormone may also logically be tried in certain 
cases of continuous functional uterine bleeding. The cause of the bleed- 
ing may be due either to endometrial hyperplasia associated with a 
progesterone deficiency or to hyperestrinism. In either case, progester- 
one therapy may be beneficial, but this should not obscure the fact that 
such a syndrome is based on an ovarian dysfunction. The cause of the 
dysfunction, often hypothyroidism, should be determined if possible. 
Reports of success with progesterone in some cases of dysmenorrhea 
are probably based on the fact that the hormone diminishes uterine 
motility. The same mechanism is concerned in the use of progesterone 
for afterpains following parturition. 

Group III 

In Group III are included those newer therapies which, in thp. opin- 
ion of the reviewer, are of questionable value and require much, further 
investigation to delineate their proper status (Table III). Because of 
the controversial nature of the subject matter and the limitation of 
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Tahtx III 

nECE.VT THERAPIES OF QUESTIONABLE VALUE 
Ilistsiminc (in allergic diseases) 

Adrenal cortical hormones (in therapy and prevention of shock) 

Renal anti-pressor extracts and tyrosinase (in essential hypertension) 
Convulsive or shock therapy of schizophrenia (metrazol, insulin, nitrogen, etc.) 


time, only the briefest mention can be made of the topics in this 
category. 

Histamine Therapy in Allergic Disorders. The indiscriminate use of 
histamine in a heterogeneous group of allergic diseases is certain to lead 
to disappointing results and to prevent a clear appraisal of the true 
worth of histamine desensitization therapy. \Vhile there is some evi- 
dence that histamine may be the causative agent of anaphylactoid symp- 
toms produced by cold, its role in the etiology of other than physical 
forms of allergy is far from clear. The use of the amine in desensitiza- 
tion therapy must be considered for the present to be a procedure the 
value of which is far from established. 

Adrenal Cortical Hormones in the Prevention and Treatment of 
Shock. The clinical use of desoxycorticosterone or other adrenal corti- 
cal hormones for the prophylaxis and treatment of shock is still a ques- 
tionable procedure. Undoubtedly the employment of the hormone with 
large amounts of sodium chloride solution serves to increase the circu- 
lating blood volume by retention of salt and fluid. It is not clear, how- 
ever, how such therapy could prevent the onset of shock, considering 
the pathological physiologj'^ of the syndrome. Also, there is real danger 
of overtaxing the circulation. The objective in treating shock is to 
increase the blood volume. Desoxycorticosterone does this by a renal 
mechanism. Shock is usually associated with anuria and the problem 
is not the loss of circulating fluid tlirough the kidney but rather through 
V idely dilated or injured capillaries. Until it has been more definitely 
shown that the adrenal cortical hormones influence the distribution of 
bod) fluids by affecting the pcrmcabilit)* of capillaries, their use in 
shock must be viewed tvith a good measure of skepticism. Certainly, 
the clinical evidence is as yet too meager to warrant any definite con- 
clusions as to the ultimate value of .such therapy. Furthermore, a similar 
\-iew must be adopted toward any other disease or sj-mptom in which 
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the hormone is alleged to bring relief by a local corrective action on an 
increased permeability of capillaries. 

Renal Extracts and Tyrosinase in the Therapy of Essential Hyper- 
tension. The technic of renal ischemia devised by Goldblatt for pro- 
ducing experimental hypertension in animals initiated an extremely im- 
portant field of research which has profound implications for pathology 
and medicine. Not the least of these is the necessity for carefully re- 
examining all patients diagnosed as having essential hypertension with 
a view of ascertaining whether occult renal pathology is possibly re- 
sponsible for the high blood pressure. Several investigators have at- 
tempted to isolate the vasopressor substance produced by renal ischemia, 
and extracts of kidney with antipressor properties have been prepared 
which are capable of preventing or reducing experimental hypertension 
in animals. Likewise, the enzyme tyrosinase, which is found in fruits 
and vegetables and especially in mushrooms, and which is capable of 
inactivating pressor amines such as tyramine and epinephrine, has been 
found capable of inactivating renin and angiotonin. This enzyme has 
also been found capable of lowering the blood pressure in experimen- 
tally produced hypertension in rats and dogs. Both tyrosinase and anti- 
pressor renal extracts of various sorts have been tried clinically and 
have been shown to be capable of lowering blood pressure in patients 
with essential hypertension. Despite the reported manometric success, 
this field of clinical investigation is altogether too new for one even 
to hazard a guess at the results which may ultimately develop. The 
capable workers engaged in this research would be the last to object 
to seeing their attempts at therapy of essential hypertension classified as 
questionable until much more clinical evidence is available. 

Co7ivulsive or Shock Therapy of Schizophrenia. With regard to 
the convulswe or shock therapy of schizophrenia, whether induced by 
drugs such as metrazol or insulin, or by other means such as nitrogen, 
it is the opinion of the reviewer, from an examination of the available 
evidence, that such treatment has questionable and certainly limited 
value, and is not without serious danger. Clearly, the procedure should 
be restricted to institutions where the staff is adequately trained in this 
highly specialized technique. The mechanism of action is not clear, and 
whether the alleged favorable results are due to temporarily reduced 
cerebral oxidations or to actual cortical damage is not known. So many 
“cures” of schizophrenia have been endorsed enthusiastically only to be 
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Tatilf. IV 

RECliXT THERAPIES OF LITTLE OR NO VALUE 


Pyridoxinc (in j)arkinsonism, ninyotropiiic lateral sclerosis, muscular dystrophies) 
Aljdia-tocophcrol (in ainyotropliic lateral sclerosis, muscular dystrophies, habitual 
altorlion) 

■J'c.slosl crone (in “male climacteric,” prostnlic hyjiertrophy, "etc.) 

1 li'^taminasc (in allergic diseases) 

Potassium salts (in allergic diseases) 

Rtdgarian belladonna (in parkinsonism) 


discarded after long-term study that one can hardly be criticized for 
adopting a cautious view vith regard to convulsive or shock therapy. 
This cautious view necessitates that such therapy be classified for the 
present as questionable and requiring much further study before its 
ultimate worth can be ascertained. 

Group IV 

In Group IV are placed those newer drug therapies which, in the 
opinion of the reviewer, are either e.xtremely questionable in value, or 
irrational and destined for eventual discard (Table IV). 

Fyridoxine in the Therapy of Parkinsonism, Amyotrophic Lateral 
Sclerosis and Muscular Dystrophies. Pyridoxine, or vitamin Bo, is a 
recently discovered component of the vitamin B comple.v. Although 
essential in animal nutrition, its significance in human nutrition is not 
yet known. Therefore, pyridoxine has no clear-cut therapeutic indica- 
tions, and until such time as specific deficiencies are attributable to its 
lack it cannot be considered an indispensable drug. This does not mean 
that the active research now being conducted will not soon yield results 
translatable into daih' practice; but, it does explain why disease entities 
not specifically due to a lack of pyridoxine cannot reasonably be ex- 
pected to respond to pyridoxinc therapy. Thus, the early sanguine 
reports of success with piTidoxinc in treating such varied .syndromes as 
parkinsonism, amyotrophic lateral sclerosis, and muscular dystrophies 
have not been confinned by carefully controlled clinical experiments. 
One ma)* safely venture the prediction that when pyridoxinc is ulti- 
mately established as a valid therapeutic agent, it will be for treatment 
of diseases or symptoms specifically due to a lack of the yitamin. 

Alpha-Tocopherol in the Therapy of Amyotrophic Lateral Scle- 
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rasis, Muscular Dystrophies, and Habitual Abortion. Alpha-tocopHerol, 
or vitamin E, is not a liew vitamin, but it has only recently been syn- 
thesized. Although it is apparently necessary in the nutrition of certain 
but not all species of animals, its significance in human nutrition is un- 
known. Because growth, normal pregnancy and prevention of muscular 
dystrophies in rats require alpha-tocopherol in the diet, the drug was 
quickly tried in humans with disturbances only superficially resembling 
the deficiency states observed in animals, and with results that one 
might easily anticipate, namely, not very encouraging. Thus the early 
enthusiastic reports concerning the use of alpha-tocopherol in amyotro- 
phic lateral sclerosis, pseudo-hypertrophic muscular dystrophy, and 
habitual abortion were destined to be challenged and denied by later 
more carefully controlled clinical experiments and observations. As in 
the case of pyridoxine, indeed, as in the case of all vitamin principles, 
one may safely predict that when the clear-cut indications for alpha- 
tocopherol are finally disclosed, they will certainly relate to deficiency 
states proven to be specifically due to a lack of the vitamin. 

Testosterone in the The7‘apy of “Male Climacteric Prostatic Hy- 
pertrophy, etc. Testosterone has been employed clinically only within 
recent years. Although experience with it is therefore limited, evidence 
is available concerning its unquestionable value in both prepuberal 
and postpuberal castrates. Indeed this use appears to be the main field 
of valid therapy with testosterone. Unfortunately, older concepts con- 
cerning the male sex hormones are influencing modern therapy, and one 
can detect a trend toward emphasis on the ability of androgens to restore 
sexual activity. Advertising brochures thus recommend their use in such 
vaguely defined conditions as the “male climacteric” and “atonicity.” 
Such exploitation can do much harm. Also, on rather incomplete evi- 
dence, testosterone has been employed for prostatic hypertrophy, but 
there is little reason to believe that androgen therapy can cause the 
involution of an existing hypertrophy. Indeed, there is always the possi- 
bility that it may cause a still greater enlargement of the gland. Further- 
more, testosterone has been employed for relief of a wide variety of 
conditions, including dysmenorrhea, menopausal states, peripheral vas- 
cular disease, painful breasts, menorrhagias, and for interruption of lac- 
tation. Much more evidence is required before one can say whether 
such therapy is rational or safe. It is indeed unfortunate that as soon 
as an endocrine principle or vitamin is isolated in pure form, synthe- 
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si/xd and placed in ampules, it is used indiscriminately in a variety of 
unrelated diseases, and an avalanche of uncritical case reports is soon 
loosed upon the medical profession. It often takes years to unearth the 
truth from this avalanche. A clear understanding of the basic physiology 
involved should greatly assist one properly to select those clinical con- 
ditions in which there is an adequate rationale for specific hormone 
therapy. 

Histaminase in the Therapy of Allergic Disorders. Histaminasc is 
an enzyme M'hich, under special test-tube conditions, can inactivate 
histamine. It has been widely employed in a large heterogeneous group 
of allergic conditions. As with all new therapies, some enthusiastic ini- 
tial reports are bound to appear, but slowly the long-term and more 
deliberate studies serve to nullify or reverse the original over-enthusiastic 
appraisal. In the opinion of the reviewer, those most qualified to pass 
judgment on histaminase therapy have adequately proven not only its 
unsound theoretical rationale, but also its clinical inefficiency. The phy- 
siological background concerning the enzyme and the role of histamine 
in allergy arc both so poorly understood, it is little wonder that the 
clinical use of the enzyme is disappointing. To those who claim that 
they have occasionally obtained excellent results with histaminasc, one 
can only reply by reminding them of the vagaries and perversity of 
biological subject matter. 

Votassium Salts in the Therapy of Allergic Disorders. What has been 
.said with respect to histaminase in the therapy of allergic conditions 
holds true for potassium salts even to a greater extent, if that is possible. 

bile salts of potassium arc useful in promoting diuresis, in preventing 
or curing attacks in patients with familial periodic paralysis, and in the 
diagnosis of Addison’s disease, it remains to be demonstrated that they 
arc of any benefit whatsoever in the treatment of diseases of allergy. 
1 he theoretical basis for the employment of potassium salts is nebulous 
and the extravagant claims made for such therapy arc fully disproved 
by the results of carefully controlled clinical studies. Indeed, how can 
one expect to obtain dramatic relief from allergic symptoms bv the 
admini.stration of a daily dose of potassium which represents but a small 
Iraction of the normal daily dietary' intake of this ubiquitously distrib- 
uted cation? 

Bulgaria?: Belladonna in the Treatment of Varkinsonism. As you 
probably know, Bulgarian belladonna root has recently enjoyed some 
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popularity in the symptomatic treatment of patients with parkinsonism, 
and exaggerated claims have been made for its virtues. One can sum- 
marize the best information available on this question by stating flatly 
that Bulgarian belladonna root has no special advantages over bella- 
donna root grown in the United States. However, as a result of the 
unfounded claims made for Bulgarian belladonna root, there has resulted 
a re-examination of the use of alkaloidal mixtures in parkinsonism. 
Studies now in progress may eventually show that U.S.P. Belladonna 
Root is superior to official belladonna leaf, at least in some patients. It 
also may eventually prove to be true that white wine extracts occa- 
sionally give better results than tincmres. Finally, there is some evidence 
that certain individuals respond more satisfactorily to mixtures of puri- 
fied alkaloids than to any single alkaloid employed alone. These points, 
however, remain to be determined. What is certain is the fact that one 
may safely continue to patronize home-grown belladonna. 
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A NOTE ON WAR PSYCHIATRY* 
Bernard Glueck 

Jledical Director, Stony Lodge, Ossining, N. Y. 



-^T the time of our joining our allies in the first World War, 
American Psychiatry had the advantage of scrutinizing 
the experiences of the other combatant nations on both 
sides of the struggle with respect to the psychiatric issues 
Cb'ESESiEESESSsS involved. Our attention was challenged by two important 
facts which were reflected in the published accounts of the medical 
authorities of the nations at war: First, the substantially greater preva- 
lence of psychiatric casualties among soldiers than among the civilian 
population, and second, the emergence of new^ and hitherto unobserved 
disorders of function which were in a general M'ay referable to the 
nervous system. 

With respect to the first observation, namely, the markedly increased 
incidence of psychiatric casualties among troops, it was observed that 
not only in actual war but even during peaceful mobilization, such as 
that of our army along the Mexican border in 1916, there was a higher 
rate of mental disease among soldiers than in civil life.' The discharge 
rate for mental diseases in the United States Army in 1916 was three 
times the admission rate for these disorders in the adult male population 
of the State of New York, one-tenth of all discharges for disability 
being for mental diseases, mental deficiency, epilepsy and the neuroses. 

It was largely through the eflForts of the late Thomas AV. Salmon 
that the significance of these observ^ations was brought to the attention 
of the medical authorities of the AVar Department, ^^d^ich up to then had 
shown relatively little concern in psychiatric issues. As a result largely 
of Salmon’s efforts, the cooperation of the Army Medical authorities 
was gained for putting into practice the recommendations outlined by a 
group of psychiatrists and neurologists under Salmon’s leadership. It was 
my privilege to participate in the early deliberations on these matters 
and I wish to take the opportunity here of attesting to the rare wisdom, 
courage and high qualities of leadership which Salmon displayed during 

* annual meeting of the New York Society for Psychotherapy and Psychopathology at 

The New York Academy of Medicine. 



138 THE BULLETIN 


these deliberations. It would serve no particular purpose to give a de- 
tailed account here of the clinical and administrative techniques which 
were finally adopted, although I shall go into greater detail later on with 
respect to the clinical aspects of the subject. 

At the time of the creation of the Division of Neurology and Psy- 
chiatry in the Surgeon General’s office, about fifty neuropsychiatric 
officers had been commissioned. Five months later there were two hun- 
dred and thirty-five, and at the time the armistice was signed there were 
430 officers in this country and 263 overseas, a total of 693. I mention 
these figures in order to indicate the drain which the requirements of the 
Selective Service Administration will mean to civilian psychiatry. These 
officers were assigned in a general way to two types of duty: First, the 
routine neuropsychiatric examination of recruits, and second, clinical and 
administrative service in base and other military hospitals. 

It was impossible to determine with absolute accuracy how many 
men were examined by the neuropsychiatrists in this country, but the 
figure finally adopted for statistical considerations was 3,500,000. Of 
this number there was a total of 69,394 psychiatric diagnoses, and of 
these 533 referred to officers and 587 to candidates for commission. 

These psychiatric diagnoses comprised the following entities^ 31.5 
per cent mental deficiency; 16.5 per cent psychoneuroses; 1 1.4 per cent 
psychoses; 10 per cent nervous diseases and injuries; 9.2 per cent epi- 
lepsy; 8.9 per cent constitutional psychopathic states; 6.9 per cent en- 
docrinopathies; 2.9 per cent drug addiction; 2.7 per cent alcoholism. 

Thus 20 out of ever)^ 1000 examined had some form of mental or 
nervous disease or defect. 

According to the British official history of the Great War, the psy- 
chiatric problem in the British Expeditionary Forces did not become 
acute until July 1916, when several thousand patients were rapidly 
passed out of the Somme battle zone. An analysis of 1,043,653 British 
casualties revealed that neuroses formed 34 per 1000 casualties. On 
occasions neuroses made up 40 per cent of the casualties evacuated home. 
In 1918 out of a total 160,000 pensioners, 32,000, or 20 per cent, were 
receiving pensions for functional nervous and mental disease, while in 
1921 this figure had risen to 65,000. Of the 180,496 casualties which 
occurred in the Canadian Expeditionary Force, 24 per 1000 were in- 
cluded in the category of nervous and mental disease. 

According to various authors, the incidence of p-sychiatric casualties 
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was relatively greater in fresh troops arriving in the front line; in battle- 
tested troops after prolonged trench life without a break; in men over 
40, especially married men, and in rapidly trained volunteers as com- 
pared with the regular army. The incidence rose considerably after 
severe military operations, actively advancing troops were less liable to 
breakdown than inactive or retreating troops, technicians working at 
the front under extreme hazard, infantry and machine gunners, engi- 
neers, artillery and tank corps ranked high on the list. 

It is interesting to compare the above ratios of casualties in the 
B. E. F. and C. E. F., 34 to 40 per thousand in the former and 24 per 
1000 in the latter with the ratio of casualties in the A. E. F., where 
during the period between April 1917 and December 1919 it was 9.5 
per 1000. One reason for this markedly lower incidence of psychiatric 
casualties among the A. E. F. that is frequently given, especially by 
foreign authorities, is the comparatively short period of active serxdce 
that our forces had abroad. While this factor cannot be ignored, I would 
like to stress especially in this connection two other factors which ac- 
count for this important difference in the ratio of casualties. The first 
is the really competent job which the neuropsychiatrists did in weeding 
out the incompetents on this side of the ocean. It is significant in this 
connection that 27,836 cases or 40.1 per cent of the total of 69,394 were 
detected and certified as unfit in the course of the routine neuropsychi- 
atric examinations. Other sources of spotting the unfit were as follows: 
31.6 per cent came to light as result of psychiatric consultations re- 
quested by other medical officers; 23.6 per cent were referred by com- 
manding officers, non-medical. In connection vnth this truly significant 
item, namely that 16,336 cases of psychiatric abnormalities were detected 
by line officers, I would like to stress the great importance of a deliberate 
and well organized technique for educating non-commissioned as v-ell 
as commissioned officers to observe and recognize abnormalities of con- 
duct which was carried out by the American neuropsychiatrists as part 
of their routine duties. This is one feature of the psychiatric experiences 
of the first World War, which might well be immediately instituted in 
connection with our present mobilization tasks. 1.3 per cent of the cases 
were referred by the psychologists, a rather inexplicable phenomenon in 
view of the fact that the psychologists had a fine opportunity for ob- 
serving the soldier in connection with the administration of the intelli- 
gence tests; 0.3 per cent were disciplinary cases, and in 3.1 per cent of 
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the cases the source of detection of the abnormalities was not ascertained. 

The second important factor which undoubtedly contributed to the 
marked lessening of the incidence of neuropsychiatric casualties among 
the A. E. F, was the manner in which these casualties were managed 
and treated when they occurred. Before discussing this point, let me 
again stress the significant prophylactic M^ork which the original elim- 
ination technique accomplished. This fact was recognized by a number 
of American as well as European authorities. After some little experi- 
ence the average psychiatrist could rapidly survey between 100 and 150 
recruits a da)^ with reasonable accuracy. Close and trained observation 
and a brief but pointed conversation in connection with the physical 
examination enabled us to detect those who required a more detailed 
examination. Curiously, but perhaps not so strangely after all, the main 
difficulties with regard to action on the psychiatrist’s recommendation 
were encountered at the hands of the general medical officers of the dis- 
ability boards, -whereas the line officers who rated their men in terms 
of conduct, behavior and efficiency, were extremely sympathetic and 
cooperative. 

I dwell upon this prophylactic side of the problem because it is also 
the most urgent and the most important problem confronting us today 
in connection with our mobilization. It should be remembered that those 
accepted into the army in connection with the Selective Service Law 
are not only obliged to live under military conditions for one year but 
remain in the army reserve for 10 years thereafter. Apart from the per- 
sonal suffering of those who might have escaped a breakdown under 
civil life, had their predisposition to breakdown been recognized, failure 
to do so creates an incredible economic burden. Of the 68,727 post-war 
cases under hospital care by the Veterans Administration in June 1940- 
twenty-two years after the termination of the first A^ffirld "War— 20 per 
cent were neuropsychiatric patients. 

Up to the present over one billion dollars have been expended for the 
care of and for the various benefits granted to these neuropsychiatric 
patients. 

The administrative procedures which are being followed in connec- 
tion with the present Selective Service Law, vdll undoubtedly assist the 
draft boards in detecting a certain number of draftees who are unfit for 
army life. But we must not deceive ourselves concerning the limitations 
and shortcomings of such a necessarily rapid and superficial survey. To 
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be sure, these boards will have before them a great many personal data 
which the draftee is obliged to supply, a careful scrutiny of which might 
furnish a hint which should put the examiner on guard. But I think it 
might help matters if the authorities charged with this important aspect 
of the work would carefully scrutinize the literature for technical hints 
in clinical situations similar to those which confront the draft boards. 
We all recognize the importance of time and cooperation in arriving at 
a psychiatric diagnosis apart from clinical technique. Permit me to refer 
to two situations in my ovm experience which in some ways are not 
very much unlike the situation confronting the draft boards. 

Many years ago, I Was engaged in the neuropsychiatric examination 
of immigrants at Ellis Island. In a paper published following that expe- 
rience, I pointed out, among other things, that usually we had less than 
one minute for the preliminary scrutiny of an immigrant, as these people 
passed before us in single file. It was remarkable how often minor, and 
what appeared to be insignificant characteristics in posmre, gait, general 
attitude and response to a question or two were sufficient to lead us to 
select an immigrant for a further examination, which proved to be jus- 
tified in a remarkably large number of instances. 

An effort was made by several of my fellow officers who shared with 
me the experiences at Ellis Island to examine critically what it was in 
the nature of hunches or techniques which assisted us in carrying out 
this difficult job of rapid-fire detection of neurological and psychiatric 
difficulties. It is estimated that the Medical Adtdsory Boards of the 
Selective Service Administration will have about 15 minutes for the 
secondary, and I think final examination of those suspected of having 
psychiatric disabilities. It would be well for them to scrutinize what- 
ever literature there is with reference to our experiences in the examina- 
tion of immigrants in those days when they were coming in at the rate 
of 100,000 a month at Ellis Island alone. 

The other point I wish to touch upon is the importance of coop- 
eration in arriving at a psychiatric diagnosis. Some twenty odd years ago 
I was engaged in the psychiatric e.xamination of the prisoners at Sing 
Sing. One of the first difficulties we encountered there was the vety 
prevalent attitude of suspiciousness on the part of the prisoners in con- 
nection with any attempt to inquire into what they called their strictly 
private affairs. 

Besides, the benighted lot of prison guards of that day very quickly 
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dubbed me the “nut doctor” and very quickly succeeded in carrying 
over to the prisoners the idea that an interview with me meant all sorts 
of possibilities of further burdening their lot, and came to use it as a 
threat of punishment. I suppose the situation is very much different with 
respect to these matters today. But in those early days, when the psy- 
chiatric study of prisoners was still a novelty, we had to cope with 
many serious difficulties in gaining the necessary cooperation of the pris- 
oners. We naturally tested all sorts of devices for overcoming these 
difficulties and one of these devices seemed to be of great assistance in 
giving us a hint, at any rate, as to what sort of personality we might 
be dealing with in a given case. As soon as the* prisoner was admitted 
and practically while he was undergoing his preliminary ablutions, an 
intelligent, long term fellotv prisoner, who assisted us in this work, gave 
the new inmate a sheet of paper and envelope and suggested that he 
write a letter to the doctor and address it to him in the sealed envelope. 
He also hinted that it tvas part of the prison routine, a little actual devi- 
ation from fact which the prison administration agreed to wink at. The 
letters we received were as a rule very revelatory, indeed, and consti- 
tuted a very helpful point of departure in connection with the first 
interview. Especially revealing were those occasional epistles which con- 
sisted of just a blank sheet of paper and nothing else. 

I am wondering whether, if time permitted, the carrying out of such 
additional steps in the work of the already overtaxed draft boards 
would not be a valuable aid in hinting at certain psychiatric difficulties 
which are somewhat obscure and difficult of detection. I am wondering 
whether it wouldn’t be helpful to ask the draftee to accompany the 
formal questionnaire which he is asked to fill out by a private and 
sealed letter to the doctor on the draft board. Some things might come 
to light in this Avay which never would be revealed in the official 
and formal questionnaire. I am aware that in suggesting this rather un- 
official and certainly, unmilitary deviation from the legal provisions of 
the Selective Service Law, I am not only exposing myself to the admoni- 
tion that such informal and perhaps mitigating gesture might well be 
all right for civil life but has no place in military matters, but I’m also 
certain to run up against the ancient bugaboo of malingering. As far 
back as 1 9 1 6 I published a somewhat detailed study of malingering and 
came to the following conclusions at that time. 

I. The detection of malingering in a given case by no means excludes 
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the presence of actual mental disease. The two phenomena are not only 
not mutually exclusive, but are frequently concomitant manifestations 
in the same individual. 

2. Malingering is a form of mental reaction manifested for the pur- 
pose of evading a particularly stressful situation in life, and is resorted 
to chiefly, if not exclusively, by the mentally abnormal, such as psycho- 
paths, hysterics and the frankly insane. 

3. Malingering and allied traits, viz: lying and deceit are not always 
consciously motivated modes of behavior, but are not infrequently de- 
termined by motives operative in the subconscious mental life, and ac- 
cordingly affect to a marked extent the individuars responsibility for 
such behavior. 

4. The differentiation of the malingered symptoms from the genuine 
ones is, as a rule, extremely difficult, and great caution is to be exercised 
in pronouncing a given individual a malingerer. 

Such experience as I have had in the twenty-five years since then 
has confirmed me in the views expressed above. Apart from the fact 
that most authorities agree that the question of malingering played a 
very insignificant role in the psychiatric experiences of the last war, tlie 
resort to malingering on the part of the draftee, especially the malin- 
gering of a psychiatric difficulty, should in itself constitute a very strong 
presumption in favor of considering such an individual unfit for military 
service. As is so ably pointed out by Mr. Dykstra, the Director of the 
Selective Sendee Administration, in his preface to medical circular No. 
I: “Military life requires that the soldier shall be able to comfortably 
live in continued close contact with a variegated group of other men. 
He cannot depend on any self-evolved protective mechanism that sets 
him apart from his fellows. iVlilitary and naval experience is in favor of 
excluding from the armed forces all persons discovered to have mental 
or personality handicap of any material degree.” Resort to malingering 
m an attempt to escape military seiwice, should, in my opinion, consti- 
tute a sufficient cause for further careful psychiatric observation, if not 
for rejection forthwith. 

It may be that I have devoted a disproportionate amount of the time 
allotted to me this evening to a stressing of the importance of detecting 
the mentally unfit draftee. But failure in this phase of psychiatric ser- 
vice is bound to create serious difficulties for the individual soldier as 
well as for the army. I am convinced, after re-reading the psychiatric 
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literature of the last war, that the most important contribution which 
psychiatry made was the prophylactic job of eliminating at the very 
beginning those who were unfit for military service. jMany years ago, 
Kraepelin’s Clinic at Munich issued the dictum that the mere fact of an 
individuaFs capacity to develop a psychogenic personality disorder was 
proof that he was burdened with what they termed a degenerative con- 
stitution. I questioned at that time the complete validity of that asser- 
tion and still question it today, though not so convincingly as in my 
youth. But I still doubt whether a predisposition to a failure to manage 
adequately the devastating experiences of modern warfare necessarily 
indicates a serious personality defect. The conflict between the forces 
which condition the desire to live and the avoidance of annihilation, 
on the one hand, and of those forces within the individual which are 
responsible for those highly complex attitudes of loyalty, patriotism and 
honorable behavior as a member of a group, on the other hand, may be 
unmanageable in the best of men. As a matter of fact, quite a few of the 
combatants, both officers and men, who subsequently suffered from 
manifestations of so-called “shell shock” had been decorated for an 
extraordinary display of bravery and capacity for sustained and un- 
flinching effort under extremely harrowing situations. So that at best 
tve cannot foresee a certain number of these casualties. 

Earlier in this paper I stated that I attributed the substantially lower 
ratio of neuropsychiatric casualties in the A. E. F. as compared with 
the ratio of the B. E. F. not only to the much briefer participation of 
our forces in actual warfare but also to the prophylactic measures car- 
ried out in this country and to the manner of treating and managing 
the casualties in the A. E. F. as they occurred at the front. 

Here again the country owes a great debt to the late Thomas A. 
Salmon. I shall briefly quote from the official history the general prin- 
ciples upon which the management and therapy of the neuropsychiatric 
casualties in the A. E. F. were based. These principles were evolved in 
consequence of the recommendations made by Salmon’s Committee 
already referred to above. Stated broadly they were: “First, that it is 
not only in accordance with the best scientific practice to treat soldiers 
suffering witli war neuroses as early and effectively as possible but to do 
so is an important contribution towards the conservation of man power 
and military morale; second, that a point of view regarding these dis- 
orders based upon a rational conception of their physiological and psv- 
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chological origin should at all times be maintained and should form the 
basis for medico-military effort; third, that in neuropsychiatric work, 
as far as the exigencies of actual service permit, responsibility and lead- 
ership should rest in the hands of those who had had special training 
in this department of medicine. The success attained was due, first, to 
a clear conception on the part of the highest military authorities of the 
objectives to be reached and of the general plan to be followed in attain- 
ing them, and second, to the cooperation of several hundred specialists 
in neuropsychiatric work in connection with combat troops, general 
and special hospitals, courts-martial, camps, classification boards, and 
prisons.” 

1 shall leave the detailed discussion of therapy to a later section of 
this review. But in order to indicate by contrast how important the prin- 
ciples quoted above really were in keeping the casualties in the A. E. F. 
at a uniquely low level, I just want to mention that one way in which 
commentators classify the therapeutic approaches during the first World 
AVar, is to divide them into the authoritarian and the benevolent meth- 
ods. During the early phases of the war, and indeed almost up to the 
time when the method employed in the A. E. F. became known, many 
psychiatric authorities, especially in the German armies, looked upon 
the war neuroses as akin to malingering; treatment was a matter of pun- 
ishment and included such measures as isolation (solitary confinement), 
severe restriction of diet, transfer to e.xcited psychotic wards, applica- 
tion of painful electrical currents, prolonged baths until recovery. A 
man named Kaufmann was the chief exponent of the most rigorous form 
of electrotherapy. His method consisted of three phases: ( i ) suggestive 
preparation; the patient was told that painful electrical currents would 
be applied which were certain to cure his condition; (2) application of 
strong faradic currents for one or two hours; (3) active military exer- 
cises. The cure was usually completed in one sitting. This method, ori- 
ginally received with great enthusiasm because of the rapid recoveries, 
was later generally discarded when fatal cases occurred, and perma- 
nency of results was doubted. The above is a good example of what was 
meant by the authoritarian approach. 

The post-war generation of psychiatrists had the unique privilege 
and the verj^ stimulating experience of living tluough a period in the 
history of psychiatr)^ more exciting, more challenging and more preg- 
nant with opportunity for sendee than at any time before. No one can 
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question the fact that the psychiatric experiences of the first World 
AVar had a great deal to do with this. But I fairly shrink from the task 
of compressing within the scope of a brief paper a detailed analysis of 
the factors which made for this cause and effect relationship. 

For one thing, never before in the history of medicine had psychi- 
atrists been called upon to deal with such incredibly large numbers of 
acute psychiatric casualties within such a relatively brief period of time. 
For another thing, owing to the almost universal presence among these 
casualties of at least one common etiological factor, namely, the war 
experience, our then-current and relatively new orientations concern- 
ing functional disorders had the first opportunity of being tested on a 
very large scale. While it is true that both in connection with the imme- 
diate call for doing something about these casualties as quickly as pos- 
sible after their occurrence, as well as in connection with the final assess- 
ment of the total experience in the various medical histories of the 
first World War, various degrees of deviations, dissent and compro- 
mise with the then-valid psychoanalytic theories are clearly reflected, 
nevertheless, nothing emerged from this mass experience of humanity 
in the throes of anxiety and fear, to challenge successfully the funda- 
mental tenets of Freudian psychology. 

As a matter of fact, as soon as the medical officers, and the line 
officers too, realized the great therapeutic value of turning to the invalid 
himself for an explanation of his troubles, instead of labelling him on 
the basis of some preconceived general notions, the shift took place from 
an authoritarian to a benevolent management of war neuroses. It then 
also became impossible to fail to recognize, as the younger Miller puts 
it, that the central motive around which all the clinical manifestations 
seemed to collect, was the conflict between conscience on the one hand, 
and instinct on the other. You might substitute, if you wish, for the 
word conscience the word super-ego, and you might join those who 
are still engaged today in the fruitless enterprise of classifying and 
naming the instincts of man. But the essence of the matter is right here. 
It did not escape the notice of many army psychiatrists in both the 
A. E. F. and B. E. F. that the shell-shocked patient rarely suffered from 
an actual bodily injury; that on the contrary, the sustaining of an actual 
injury, which promised the reward of removal from the scene of war, 
actually eliminated the necessity for a neurosis. Leri’s statement that 
hysteria never occurred in an open battle, was largely justified. They 
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recognized the great danger to recovery of a fixation of the initial symp- 
toms, and implemented this by placing psychiatrists as near as possible 
to the front line. 

Naturally, they recognized the importance of fatigue, exhaustion, 
the shock of nearby explosions and detonations, and the possibility of 
actual brain concussion; all of the factors contributing to a lessening of 
ego-resistance which weakened repression, disturbed the balance be- 
tween the contending forces of the intrapsychic conflict and permitted 
the emergence of the neurotic symptoms. 

The passing in review of such large numbers of war neuroses brought 
into sharp relief the difficulty of differentiating between the different 
types of disorders, since, as we know also from civilian experience, strict 
differentiation is much more possible when the disorder is in an advanced 
state. Nevertheless, it was considered to be of some therapeutic value 
to differentiate bettveen the cases as sharply as was possible, and to 
attempt to discover outside of the great prevalence of common reac- 
tions those features which were especially characteristic of the individual 
invalid under treatment. At Base Hospital 1 1 7, which came to be the 
ideal prototype for base hospital psychiatric organization, research and 
therap)^, the following classification was employed: Neurasthenia, psych- 
asthenia, hypochondriasis, hysteria, anxiety neurosis, anticipation neu- 
rosis, effort syndrome, exhaustion, timorousness or state of anxiety, con- 
cussion, malingering. 

It is hardly worth while to enter into a detailed consideration of the 
clinical manifestations which led to the above classification. The symp- 
tomatology was markedly affected by the time and place of its occur- 
rence and by the immediate precipitating events. 

Of more immediate interest is what the literature reflects regarding 
prognosis, in viev^ of vTat world events might hold in store for us. 
Fundamentally, as far as prognosis is concerned, the war neuroses are 
subject to the same conditions which are operative in civil life. The 
literature reflects the opinion that prognosis is affected by the age and 
intelligence of the patient. Naturally, actual breakdowns or pronounced 
character difficulties before enlistment, and a preponderance of endo- 
genous over e.xogenous factors, were of bad prognostic significance. 
This again focuses our attention upon the importance of u'^eeding out the 
unfit before exposing them to the experiences of war. Furthermore, 
early treatment and the place where treatment tvas instituted definitely 
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affected the outcome, while premature discharge from treatment often 
led to a recurrence of symptoms. The anticipation of being discharged 
from treatment sometimes led to a reanimation of the disorder. If this 
reaction, indicative of a resistance to giving up the secondary gains of 
the illness, was ignored and the soldier was returned to his unit in spite 
of the new flare-up of symptoms, the symptoms usually became aggra- 
vated during the transport; when he finally rejoined his regiment, he 
was often in such a state that immediate readmission to a hospital was 
unavoidable. Thereafter, he occupied hospital beds for weeks or months, 
and relapsed after discharge. Now these types of reactions are familiar 
to us in civil practice and I need not dv^ell upon them in detail. But it 
is important to recognize that psychiatry could only compromise with 
the optimum requirements for adequate therapy in the service of military 
requirements up to a certain point. Wlien these limits were exceeded 
failure was commonly the result. 

War psychiatry, as you see, is an eminently and urgently practical 
affair. The requirement which was constantly urged upon the psychiat- 
rists to restore the invalided to active duty as soon as possible and in as 
large numbers as possible frequently came in conflict with the therapeu- 
tic principles in the individual case. But it can be said that on the 
whole, as time v’ent on, p.sychiatry was increasingly accorded its due 
recognition and gained for itself in increasing measure favorable work- 
ing opportunities. Sixty-five per cent of those treated at the advanced 
clearing stations were returned to front line duty after a few days’ 
treatment. 

If what the future holds for us in this country includes the tragic 
necessity of another expeditionary force, psychiatry is bound to be 
infinitely better equipped than it was during our last tragic experience 
to deal with its problems. Of course, the conditions of warfare in 1941 
and in the days ahead are very different than they were in the first 
World War, and unquestionably will bring with them new and un- 
tested problems. 

For one thing, it is as yet impossible to assess accurately the effect 
of modern warfare upon the civil and non-combatant population. A^ e 
are told that a certain widespread “numbness” to daily happenings is 
affecting large numbers of the English people. It may well be that ve 
shall be obliged to apply to the civil population some of the lessons v'e 
learned in connection with the war effort. The techniques for producing 
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and maintaining the ‘Svar of nerves” have attained a high degree of 
perfection, and steps ndll undoubtedly have to be taken to insulate 
some people against the effects of it. For this reason it is very gratifying 
to know that the draft boards are exercising a very liberal attitude in- 
deed, in the matter of weeding out the unfit. We are told that in Eng- 
land an increasing number of private employers are instituting morale- 
maintaining measures among their employees, as a defense against the 
effects of the “war of nerves.” In all these measures, psychiatry will un- 
doubtedly be called upon to play an outstanding role. 

In conclusion I would urge upon you to read the January, 1941 
issue of the American Journal of Sociolog}^, and to re-read Freud’s 
essay on War and Death and A^'diite’s Reflections on the War and After. 
I recommend this, because it might help us individually to re-assess out- 
personal equipment as men and women for its worth in meeting the 
tasks which will surely be thrust upon us in the days to come. We are 
committed as a nation to do everything in our power to resist and even- 
tually eliminate the menace that comes to us from across the seas. One 
of the inescapable features of this task will be the grondng necessity 
of converting our country into what has been termed a Garrison State, 
where the requirements of the militar}’- machine come before everything 
else, to say the least. At its worst, such a radical change from peacetime 
pursuits and peacetime freedoms and privileges will call for a readjust- 
ment of loyalties v'hich the average man will surely find difficult of 
accomplishment. 
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FRIEDRICH AUGUST KEKULE 
Architect of Atoms’’'' 

Herman Goodman 



gT has been said, with truth, of August Kekule that he 
bridged the gap from alchemy to modern chemistry . . . 
Let us define alchemy. 

Alchemy: The medieval chemical pseudoscience 
S whose great objective was the transmutation of base 


metals into gold; the universal cure-agent for disease; the elixir of per- 
petual life. 


Another definition found in books assumes alchemy to mean an 
infusion or mingling as juice or liquid, especially as extracted from 
plants for purpose of medicinal ingredients. 

What was the world-wide state of alchemy on its road to chem- 
istry in 1865.? What was considered Chemistry.^ Glance at a text pro- 
fessing to be on the subject of chemistry at that period. You are struck 
at once with the absence of symbols. The shorthand scrawlings and 
sera tellings by 'wdiich thinking men transferred their thoughts were 
lacking, for the alchemy turned to chemistry. 

Symbols for chemicals, and for chemical reactions, or, for that mat- 
ter, symbols for structure, were absent— undiscovered, undefined. It was 
a long and devious travail. Many names are found again and again in a 
recital of the birth of modern symbols for chemical structure; Berze- 
lius was one. His pupils included Wohler who forged the chain between 
inorganic chemistry and organic chemistry. A name linked with that of 
Wohler is von Liebig, father of Agricultural Chemistry, von Liebig had 
a pupil whose name was Friedrich August Kekule. 

Briefly, in a most elementary manner, we review the situation in 
chemistry at this period. Chemists could and did make analyses. They 
were able to determine the ingredients. They knew the types of ele- 
ments. They could enumerate them. The plan of their union was lack- 
ing. The arrangement was missing. The blue print of organization was 
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not available. Linkage became most vital to advance. No one had told 
about linkage. No one had given a comprehensive and working plan 
which could udthstand criticism. No one had done this: Kekule found 
the answer to the riddle in a dream. 

Friedrich August Kekule was born in Darmstadt, September 7, 1829. 
He shoM’ed early talent in drawing and entered the University of Gies- 
sen with the intention of studying architecture. Through Liebig’s lec- 
tures which he attended at Giessen, Kekule was first attracted to 
chemistry. Family opposition to his desire to change from architecture 
to chemistry exiled him to Darmstadt where he managed to study some 
chemistry. In 1849 he was permitted to return to Giessen where he 
studied under Will and then again, Liebig. After a year, Liebig told 
him that he would probably ruin his health if he tried to become a 
good chemist. As a matter of fact, Kekule for many years allowed 
only three or four hours each day for sleep. 

In 1851 came an opportunity to go to Paris where Kekule attended 
lectures. One day he saw a poster which announced that Charles Ger- 
hardt, ex-professor of Montpellier, was offering lessons in chemistry. He 
entered his name for these classes. Gerhardt had seen Kekule’s name in 
Liebig’s “Letters on Chemistry.” He sent for the young student and 
offered him the post of assistant. Kekule did not accept. He continued 
for a year to attend the lectures and gave much credit later to the 
inspirational visits he had with his teacher, Gerhardt. Giessen conferred 
on him the degree of Doctor of Philosophy, July 15, 1852. Then Kekule 
went to Switzerland to work with Von Planta, and later to London as 
assistant to Stenhouse. Kekule’s first independent publication was 
printed in English and had to do with valence in organic compounds 
(1854). 

During his stay in Loridon, Kekule was striving to answer the riddle 
of linkage. The time Avas about 1856. A glutton for work, and always 
in need of sleep, Kekule sought his way by bus to his modest lodging 
in Clapham Road, after an evening of discussion with his friend, Hugo 
Muller, in Islington. Riding atop the bus, he fell asleep. He had a strange 
dream. Molecules gamboled with impish glee. For the first time Kekule 
was enabled to discern the nature of molecular motion; to see clearly 
the precise method of molecular madness. He saw diminutive atoms 
frequently pair off and be embraced by larger atoms. He saw still 
larger atoms hold three or four small atoms, while the entire group kept 
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^^■hirling about in a giddy dance, the large ones forming a chain. Awak- 
ened by the cry of the conductor, “Clapham Road,” Kekule spent the 
night transferring his reveries to paper. Out of this dream grev^ a system 
of constitutional formulas representing the structure of molecules of 
the open-chain type. 

Kekule was homesick in England. He wanted to teach in a German 
University. With this end in mind he returned to Germany and became 
a travelling student. In the udnter of 1856 he became a dozent at Heidel- 
berg. Here he did some of his most important work in a small private 
laboratory, a single room with an adjoining kitchen. He had a few 
pupils, among them Baeyer. It was in this little kitchen that Kekule 
finished his vmrk on fulminate of silver, and Baeyer carried out the re- 
searches on cacodyl, ivhich subsequently became famous. After two and 
one-half years Kekule received a call in 1858 to Ghent, as ordinary 
professor. 

In this same year came “the two great treatises that have exercised so 
powerful an influence on chemistry— that on the constitution and meta- 
morphosis of chemical combinations; and that on the chemical nature 
of carbon. We all know today that the theory of valency is the leading 
guide through all our science, and no one disputes that its main founda- 
tion and its eminent value in organic chemistry are primarily due to 
Kekule’s idea of the quadrivalency of carbon.” 

Kekule put the thought forward with diffidence and only in the 
interest of integrity and progress. His words were, “It seems proper to 
communicate these conceptions, because, as it appears to me, they fur- 
nish a simple and fairly general expression for the newest discoveries, 
and because, therefore, the use of them may assist in the discovery of 
new facts.” 

In his celebrated Textbook of Organic Chemistry (1859), he insisted 
upon the facts (a) that carbon is uniformly quadrivalent in organic 
- compounds, and (b) that carbon atoms have the remarkable power, un- 
shared, except in a very limited degree by those of other elements, of 
linking up together to form chains. This idea, which now seems axio- 
matic, was then highly original. It was scarcely implied in the older 
theories and was indeed rather foreign to their point of view. Once 
grasped, hoAvever, it gave the key to the constitution of all organic 

compounds. , 

It was not Kekule, however, who first used the bonds with which 
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A\-c arc now so familiar. The complete analysis of organic radicals down 
to the arrangement of their component atoms was first attempted by a 
Scotsman, Archibald Scott Couper, in 185S. Through an unfortunate 
delay. Couper’s contribution was not made public until a month after 
Kekulc had announced the theory. Because of ill health, Couper was 
unable to elaborate his thesis. Kekulc had a clear mental concept of the 
facts which were represented symbolically by Couper. 

Kekulc, himself, nevertheless, did not at once begin to write graphic 
formulas, but rather expressed himself with great conserv’atism. He 
closed one essay u'ith these u^ords, “I place no more value on these views 
than they are worth, and I believe that much labor must still be applied 
before such speculations can be regarded as anything else than more or 
less elegant h)^potheses; but I believe, too, that at least experimental 
speculations of this kind must be used in chemistry.” 

In 1859, Kekule began to construct graphic formulas, but did not 
employ Couper’s bonds. He drew pictures of atoms of different sizes 
to represent different degrees of “atomicity” or valency. Kekule used 
curious diagrams (Kckule’s sausages) with which we are all familiar. 
This unwieldly notation was very short-lived, for in 1865, Crum Brown 
introduced the system, in which each “valency” or unit of combining 
power is indicated by a line. Thus Kekule’s sausages for oxygen and 
carbon were represented by Crum Brown by the — O— and — C— 
which we all know. This is a more elegant and equally intelligible device. 
By 1865, Kekule had adopted bonds. 

In 1861, appeared the first portion of Kekule’s great textbook which 
emphasized and illustrated the new views with hundreds of examples. 
1 he foundations of modern organic chemistry y-ere therein laid. What 
is more important, the date marks the time when the great contribution 
of organic chemistr}" to the historical development of the science as a 
whole was fully rendered. The earlier theory had broken down because 
it had failed to explain the reactions of organic chemistry. Slowly and 
laboriously through the stages of type theory, there had grown up in 
organic chemistry the theor}'' of structure which was now destined to 
become dominant in its turn. 

Thus we ma}* assume that Kekule accounted for the straiHit chain 
senes of paraffin hydrocarbons. He had linked the carbons with each 
other. He had developed some building plans. He had not yet formed 
the three dimensional concept which brings us to organic chemistry. 
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The architect that his family had hoped Kekule would become was yet 
to build. 

Let us contemplate discoveries by Kekule relating to the benzol- 
ring compounds. His influence and his fundamental ideas disclosed the 
nature of whole classes of compounds which have been of unusual in- 
terest to the people of the world ever since. 

Benzene substances had originally received this name on account of 
a peculiar odor possessed by certain representatives. Later it was found 
that most compounds so classified exhibited very different properties 
from those of other organic substances of apparently similar structure. 
Kekule found it impossible to devise an ordinary chain formula for its 
molecule. The constitution of benzene became of fundamental import- 
ance. At last it occurred to Kekule that a consistent explanation was to 
be found in the assumption that the six carbons of benzene were ar- 
ranged in a ring united by alternate single and double bonds, and with 
a hydrogen attached to each carbon. There is a distinct interest in 
Kekule’s account of how the idea came to his mind: 

“I was busy WTiting on my textbook but could make no progress— 
my mind was on other things. I turned my chair to the fire and sank 
into a doze. Again the atoms were before my eyes. Little groups kept 
modestly in the background. My mind’s eye, trained by the observation 
of similar forms, could now distinguish more complex structures of vari- 
ous kinds. Long chains here and there more firmly joined; all winding 
and turning with a snake-like motion. Suddenly one of the serpents 
caught its own tail and the ring thus formed whirled exasperatingly be- 
fore my eyes. I woke as by lightning, and spent the rest of the night 
working out the logical consequences of the hypothesis. If 'we learn to 
dream we shall perhaps discover truth. But let us beware of pub- 
lishing our dreams until they have been tested by the waking conscious- 

ness.” , 

Kekule thus conceived the idea that in the molecule of benzene tne 

six carbon atoms, instead of forming an open chain, have joined together 
to form a six-membered ring. The formula is now in any standard chem- 
istry textbook. . T B c 

Kekule put forward his well-known benzene theory in i ^ 

been pronounced the crowning achievement, in his hands of the doc- 
trine of the linking of atoms. It is held to be the most brdhant piece ot 
scientific prediction to be found in the whole range of organic chem- 
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istry. Tlic conception of closed chains, or cycloids, \\*hich Kekule in- 
troduced, has shown itself to be capable of boundless expansion. 

Kekule went to the Universit)-* of Bonn, in the fall of 1S67. He fin- 
ished his first volume of Chemistry of the Benzol Derivatives in the 
same year. From 18S0 to 18S7 occurred the publication of the second 
and third t^olumes, first as single numbers, prepared ndth the help of 
co-workers. 

Kekule always acknowledged the influence of Liebig, Odling and 
Wfilliamson. Kekule aht^ays distinguished himself as a brilliant and daring 
thinker, especially devoted to organic chemistr)^ This branch of the 
science is indebted to his inspiration for many of its fundamental as- 
sumptions. His students spoke of his reaching as lucid; his thinking was 
called luminous, as well as accurate and concentrated. His lansfuasre was 
apt. His deliver)' was easy and natural. His personality was genial; his 
humor, happ)^ He never tolerated slovenl)”- or sloppy work. 

His latter years were not productive. Those close to him believed 
that it was because his researches did not appear to him to be complete. 
His sense of “finish” and his fastidiousness restrained him from pub- 
lishing much which he realized fell short of his ideal. Kekule’s greatest 
service to chemistry remains the development of the theories of mole- 
cular structure. 

Kekule died July 13, 1896. His influence lived beyond him. His 
concept of the carbon ring structure had been truly born of genius. 
It exercised an influence on all forms of chemistr)^ Benzene became 
more than a plaything of science. Modern foundations of constitutional 
chemistry lie imbedded in the dreams of Kekule. Researches which 
Kekule carried on in his primitive laborator)’ called for further stud)^ 
with tools fashioned from the results of those earl)’" works. In the words 
■Marsh quoted from Landrelt, president of the German Chemical So- 
ciety at Berlin, on the announcement of the death of Kekule: “This 
news will be received with sorrow not only by our societv" but b)' the 
whole chemical world. . . . The works which Kekule has left behind 
him belong, as we all know, to the basis of all chemistr)^” 

The constant study of the aromatic compounds in the laboratories 
of the world during the intervening yc^rs has sen-ed to confirm Kekule’s 
hypothesis, which may be considered one of the most thoroughly tested 
generalizations of science. If we remember that perhaps half the total 
number of organic compounds at present known are derivatives of 




benzene we shall form a just estimate of the value of Kekulc’s work. 

Let us remember that the side-chain theory of Paul Ehrlich may be 
traced to the studies of Kekulc and Perkin. The Wassermann serology 
studies o^^■e their existence to the work of Ehrlich. Salvarsan and its 
counterparts are due directly to the advances made by Kekule on the 
benzene ring structure. The latest tools of mankind against disease, the 
chemotherapeutic remedies of the sulfonamid group owe their existence 
in their turn to the dye chemistry of Ehrlich. 

On the other side of the ledger; we mention poison gas; death-deal- 
ing explosives; incendiary bombs. The dreams of Kekule— what if they 
had never been translated into molecules dancing in the fertile brain of 
the bov M'ho became an architect of atoms instead of bricks! 
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PROCEEDINGS OF ACADEMY MEETINGS 


STATED M E E T 1 N G S 

Decemuer '1 — The New York Academy of 
Medicine. Executive Session — Reading 
of the Minutes. ^ Papers of the eve- 
ning. Sterility — a] Diagnosis of sterility 
in the female, Isidor C. Ruhin, Clinical 
Professor of Gynecolog}', College of 
Physicians and Surgeons, Columbia Uni- 
versity; b] Treatment of sterility in the 
female, William H. Cary, Associate 
Gynecologist and Obstetrician to tbe 
New YorJv Ho.spital; cj Sterility in the 
male, Robert S. Hotchki.ss, Assistant 
Professor of Urology, New York Uni- 
versity College of Medicine, Report of 
election of Academy Officers. 

December 18 — The Harvey Society (affilia- 
tion with The New York Academy of 
Medicine). The Third Harvey Lecture, 
“The Adrenal Cortex and Electrolyte 
Behavior,” Robert F. Loeb, Professor of 
Medicine, Columbia University, College 
of Physicians and Surgeons. 

SECTION MEETINGS 

Decem}ieu 2 — Dermatoloyy and Syphiloloyy. 
Presentation of cases — a] New York 
University College of Medicine; b] Bel- 
levue Hospital. ^ Discussion. ^ Execu- 
tive session. 

December 5 — Suryery. Reading of the 

Minutes. ^ Presentation of cases — 
Cases illustrating the first paper of the 
evening, George U. Carneal. ^ Papers 
of the evening — a] Ambulatory treat- 
ment of pilonidal cysts and sinuses (mov- 
ing picture illustration), George U. 
Carneal; b] Clinical and physiological 
studies of the biliary tract in relation to 
the end-results of operative treatment, 
Henry Doubilet. (f General discussion, 
jf Executive session. 

December 9 — Neurology and Psychiatry. 
Reading of the Minutes. U Presenta- 
tion of cases — From the Neurological 


Service of Bellevue Hospital, Foster 
Kennedy. Papers of the evening — a] 
An approach to psychological control 
studies of urinary sex hormones, George 
Eaton Daniels; Discussion by Sidney C. 
Werner (by invitation), David Levy; b] 
Headache in the localization of hrain 
tumor: a re-evaluation of its clinical 
significance, Harold G. Wolff, E. Charles 
Kunkle (by invitation) and Bronson S. 
Ray. Executive session. 

DECEiuBEii 11 — Pediatrics — Residents’ Meet- 
ing. Reading of the Minutes, (f Papers 
of the evening — a] New York Hospital, 
Osteogenesis imperfecta, Samuel W. 
Dooley (by invitation); Discussion by 
Samuel Z. Levine; b] Nero York Post- 
Graduate Medical School and Hospital, 
Porencephalic cyst, Vincent Larkin (by 
invitation); Discussion by John Arthur 
MacLean (by invitation) ; c] Long 
Island College of Medicine, An unusual 
case of dermoid cyst, Joseph Caplan (by 
invitation) ; d] Babies Hospital, Abdom- 
inal pain as an epileptic equivalent in 
children, David M. Greeley (by invita- 
tion; Discussion by R.ustin McIntosh; ej 
Mount Sinai Hospital, Congenital skin 
defect, Herman Anfanger (by invita- 
tion); Discussion by Bela Schick; f] 
Bellevue Hospital, Rapid treatment of 
congenital syphilis, Cornelia Morse (by 
invitation) ; Discussion by Charles Hen- 
dee Smith; g] Lincoln Hospital, An un- 
usual case of lymphosarcoma, Harry V. 
Lomant (by invitation) ; Discussion by 
Harry S. Altman. 

December 15 — Ophthalmology. Exhibits 7:00 
to 8:00— a] Experimental intracapsular 
cataract extraction — Hanover’s canal; 
b] Motion pictures in color to illustrate 
above, Jacob Goldsmith (by invitation). 

Executive session— Reading of the 
Minutes. ^ Presentation of case.s — a] A 
case of Kaposi’s sarcoma, Allan Barnert 
(by invitation) ; b] A case of interstitial 
keratitis and acute dacryoadenitis, C. 
Gregory Barer (by invitation); c] A 
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rase of kcraloconus and atopic denna- 
tilis, Itcrlraiii S. Kramer (by invita- 
tion) ; d) A ease of surgical construction 
of a lacrinial passage, Loren Guy. ^ Pa- 
pers of the evening — a] Tlic use of the 
Padgett dermatome in ojdillialmic siir- 
gcr\’, Byron Smitli (by invitation) ; b] 
Experiences with acetylcholine, Remarks 
on the treatment of octdar pain, Edward 
Hartmann (by invitation). 

I)i;ceMiii;n IG — Medicine. Reading of the 
Minutes. ^Papers of the evening — a] 
Physiological mcclianism underlying in- 
halation therapy, L. Corsan Reid (by 
invitation) ; b] The miscellaneous uses of 
inhalation therapy, Virginia Apgur (by 
invitation); c] Inhalation therapy; its 
u.sc for pateinls other than those with 
cardiac or respiratory diseases, Emery 
A. Rovcnslinc; d] Inhalation therapy in 
pneumonia, asthma, and pulmonary em- 
])hy.sctna: ])rinei]dcs and methods, Alvan 
L. Baraeh; e] Coordinating gas therapy, 
Palucl ,1. Flagg (by invitation). ^ Dis- 
cussion. 

DiXT.Mimn l(i — Genito-Urinnrii Sur(jer;i. 
Rending of the Minutes. (( Papers of 
the evening — a) Renal counterbalance in 
relation to conservative renal surgery, 
Ivouis M. Orr, Orlando, Florida (by in- 
vitation) ; b] Massive hematuria of renal 
origin, George C. Pratlier, Boston (by 
invitation) : c] .\ subtotal perineal pro- 
statectomy and prostatic calculi (mov- 
ing pictures), Ro}' B. Hcnlinc, ^ Di.s- 
cussion — O.swald S. Lowsley, Xathanicl 
1*. Rathbun. 

I)i:ir.Miii;i; 17 — iHidnrinuioloivj. Reading of 
the Minutes. (T Pa))ers of the evening — 
a] OstTOinyclitis of the skidl and the re- 
pair of osteomyelitic defects in the cal- 
varium. .Mliert C. Furstenberg, Ann 
.\rhor. Michigan (by invitation) : Dis- 
cussion by .Tosejdi E. King, .\ndrew A. 
F.ggston, y General discussion, f Exec- 
utive .'-es'-ion. 

Di crMiirr. IP — Orilioprdic .‘^iirgrry. Reading 
of the Minutes, f Presentation of case.s — 
a] ease of jiost-laniineciomy with her- 


niation of the cauda equina relieved by 
spine fusion, Maurice H. Ilcrr.mnrk (by 
invitation), y Papers of the evening — 

a] The technique for reinov.al of herni- 
ated nucleus pulposus without laminec- 
tomy, Edwin M. Decry; Discussion by 
Alan DeForcst Smith; b] Tumors of 
cauda equina — diagnostic consideration 
with relation to low back pain — opera- 
tive results, Ira Cohen, Abraham Kap- 
lan (by invitation) ; Discussion by Leo 
Mayer, y General discussion, Alan Dc 
Forest Smith. I-co Mayer, David M. 
Boswortb, John R. Cobh and Mather 
Cleveland, (j Executive scs.sion. 

Dr.CKMiiER 2 . 3 — Ob.'itelric.'^ find Oj/necologii — 
Program presented by The ^largaret 
JIngne Maternity Hospital, Jersey City. 
Executive session — Reading of the 3Iin- 
utes. y Papers of the evening — a] New 
method of determination of escape of 
amniotic liquid, George A. Bourgeois 
(hy invitation) ; I)] Deeiduoma of the 
cervix and endometriosis in i)rcgnancy. 
Nicholas !M. Alter (by invitation) ; c] 
Management of premature separation of 
placenta, S. A. Cosgrove, D. F. Conway 
(by invitation), y General discussion. 

APFJ LI .ITBD SOCIETIES 

Di;ci:mi!kr 15 — Neie York Eoentge.n Society 
(in affiliation rcith The Nnc York Acad- 
emy of Medicine). Paper of the eve- 
ning — Tissue changes following irradia- 
tion, Shields ■\Varrcn (by invitation). 
yDiscussion^ — Fred Stewart (b}' invita- 
tion), .Vrtluir Purdy Stout (by invita- 
tion). y Executive session. 

DecnMiiER IS — A>tr York Pathological So- 
ciety (in affiliation reith The Neu.' York 
Academy of Medicine), y Presentation 
of ca.se,'; — a] A case of 'Weber-Christian 
disease, Robert Kritxlar (b_v invitation) ; 

b] .\ case of temporal artcriti.s, Edith 
Sproul (hy invitation), y Papers of the 
evening — a] Histoplasmosis. Henry E. 
Mcleney (by invitation) ; b] The dis- 
tribution of intimal atheromas in the 
arteries of rabbits on high cholesterol 
diet.s. Sigmund L. AVilens (by invita- 
tion). Executive .sc'sjon. 
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THE INTER-AMERICA DIVISION OF THE ACADEMY 


The Council of the Academy on December 17, 1941 authorized the 
establishment of an Inter-America Dhusion of the Bureau of Clinical 
Information for the special purpose of assisting visiting physicians from 
the sister republics of South and Central America and the West Indies. 

The New York Academy of Medicine extends a welcome to all 
members of the medical profession from other countries of the Western 
Hemisphere. Visiting physicians are invited to make the Bureau their 
headquarters while in the city. 

The Library is one of the largest of its kind in the United States. Its 
hies of American and foreign periodicals are very complete. A biblio- 
graphic and photostat service is available at the usual library rates. 

Meetings. Besides two Stated Meetings of the Academy held each 
month, there are monthly meetings of the eleven different groups of 
members organized into Sections devoted to various branches of medi- 
cine. Many other medical societies of the city, including a number of 
affiliates, meet at the Academy. 

Lectures. A series of Friday afternoon lectures on subjects of special 
interest to the practitioner is given each year, beginning in November. 

The Annual Graduate Fortnight is held in October on a subject 
of outstanding importance in the practice of medicine and surgery and 
consists of meetings at the Academy, coordinated clinics in selected 
hospitals, and a large scientific exhibit. 

Bureau of Clinical Information. The Committee on Medical 
Education maintains at the Academy a Bureau of Clinical Information 
where details may be obtained regarding opportunities for postgraduate 
medical study in Greater New York and also in other cities of the 
United States. 

The Bureau publishes a Daily Bulletin which announces the meet- 
ings, lectures, conferences, hospital rounds and other interesting medical 
activities of the day. A Surgical Btdletin, issued the previous evening, 
announces the major operative work of leading surgeons of the city, 
performed in the clinics of more than seventy important hospitals and 
other medical centers in the United States. 

A Bulletin of Approved Non-Operative Clinics is also published. 
This Bulletin lists clinics in thirty-three special subjects held in twenty- 
nine general and special hospitals. Copies of the Bulletins and of ^ta- 
logues describing postgraduate medical courses offered in Greater New 
York may be obtained at the Bureau or will be mailed upon request. 
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P1ESSHSZSE5HSESH5HSH5HSHSHSH5HSE5E5S53 
i DEATHS OF FELLO^VS l 


CI■ESHSESZreSES^5HSH5H5HSHSE5HSHSHSHS^^l 

]5()zsan, Evukn'E .Toir>r: 1130 Park Avctnic, 
Xeu- York City; born in Kisititrdii, Hunpnry, 
December 17, 1889; died in Xcw York City, 
December 4, 1941; graduated in medicine 
from the Royal Hungarian University of 
Sciences, Budapest in 1913; elected a Fel- 
low of tbe Academy April 7, 1932. 

Dr. Bozsan was attending skeletal surgeon 
at tbe 3\Iorrisania Hospital and associate in 
general surgery .at the Hosiiilal for .Joint 
Diseases. He was a Fellow of the American 
College of Surgeon.s, a Fellow of the .Ameri- 
can jAJedical Associniinn, a diplomafe of the 
.American Board of Surgery, a member of 
tbe American A.ssocialion for the Surgery 
of Trauma, and a tnember of the .State and 
County Itledicnl .Societies. 

Duiaw, .Tashm .losinut: S(i2 Park Avenue, 
New York City; born in Webster, Ala.ssn- 
cliusctt.s. May 17, 1892; died in New A'ork 
City, December 13, 1941 ; graduated in medi- 
cine from Harvard Medical School in 1919; 
elected .a Fellow of tiic Academy November 
3, 1927. 

Dr. Duffy w.as assistant professor of ra- 
diology .at Cornell University Medical Col- 
lege, a.ssociatc attending surgeon and nssi.s- 
tant radiologist to Mcmori.al Ho.spilal, at- 
tending surgeon to St. Vincent’s Ho.spilal. 
and consulting surgeon to the New A’ork In- 
firmary for Women and Cliildrcn, St. John’s 
Ho.spital at I^ong Lsland Ctij’, St. Agnes Hos- 
pital at White Plains, and St. Mary’s Hos- 
])ital in Brooklyn. He was a diploniatc of 
the American Board of Radiology, a Fellow 
of the American College of Surgeon.s, a Fel- 
low of the American Medical Association, a 
member of tbe American Radium Society, 
and a member of the State and County 
.AJcdical .Societies. 

Honkggek, 0.sc.\u Pkteu: I.yake Alaliopac, 
New York; born in Pittsburgh, Penn.syl- 
vania, March 17, 18,75; died in I^ake Ma- 


liopac, December 25, 1941; graduated in 
medicine from the University of Heidelberg 
in 1879; elected a Fellow of tbe Academy 
June 2, 1887. 

Nines, AVai.teii J.tkiisay: 115 East Cl .Street, 
New York City; born in Lebanon, New 
A'ork, .January 2, 1878; died in New A’ork 
City, December 22, 1941; graduated in medi- 
cine from Cornell University Medical Col- 
lege in 1902; elected a Fellow of the .Acad- 
emy February C, 1906; and served the 
.Acailcmy as secretary of the Seetion of 
Medicine in 1911, and chairman of that Sec- 
tion in 1912; ns a member of the Committee 
on .Admission, 1.015-1921; as a member of 
the Committee on Public Health Relations, 
1917-1929; ns a member of tbe Committee 
on Medical Education in 1929; as vice-presi- 
dent of the -Acnticmy, 193H93(); as a mem- 
ber of tile Board of 'J'riislcc.s, J92S-1.9.‘12. 
-Again, in 1.030, be became a member of this 
Board and in 1937 assumed its chainnan- 
sbip, whicli ofJice he bold until his death. 

Dr. Niles was professor of clinic.al inedi- 
eine at Cornell University Medical College 
since 1916 and was the dean from 1919 to 
1.028. He was consulting physician to Belle- 
vue Hospital, New A'ork Infirmary for 
AVomen and Children, AVillard Parker, Ja- 
maica, Mather Memorial, Southampton and 
Na.s.sau Ho.spilal.s, and attending pln’sician 
to the New A'ork Ho.spital. He was a 
diploniatc of the .American Board of In- 
ternal Medicine, a Fellow of tbe .American 
Medical .Association, a member of the ad- 
ministrative board of the New A’ork Hosjii- 
tal, and a member of the Cornell Medical 
College Association, the American Clinical 
and Climatological Association, the As.soci- 
ation of American Physicians and the State 
and County .Medical .Societies. 

P.VTox, .SrcwAirr: 298 .Stratford Road, Bal- 
timore, Maryland; born in New A'ork City, 
.A))ril 19, 1805; died in .St. James. I.ong Is- 
land, New A’ork, January 7, 19t2; received 
the degree of M.A. from Princeton Uni- 
versity in 1880 and graduated in medicine 
from the College of Physicians and Sur- 
geons, Columbia University, in 1889; elected 
a Fellow of the Academy March 2, 1893. 

Dr. Patou was a former associate in p.sy- 
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chiatry at Johns Hopkins University and 
director of the Laboratory of the Sheppard 
and Enoch Pratt Hospital, Baltimore; 
lecturer on neurobiology at Princeton Uni- 
versity and on psychiatry at Columbia 
University. From 1926 to 1928 he was con- 
sultant on mental hygiene and lecturer on 
Ijsychiatry at Yale University. He was a 
trustee of the Carnegie Institution at Wash- 
ington, a trustee of the Josiah Macy Jr. 
Foundation, a Fellow of the American Asso- 
ciation for the Advancement of Science, a 
member of the Eugenics R^esearch Associa- 
tion and its president in 1919, and a mem- 
ber of the American Philosophical Society, 
the American Neurological Association, the 
American Medical Association and the 
County and State Medical Societies. 

Dr. Paton was the author of several 
books, among them the “Text-Book of Psy- 
chiatry for Use of Students and Practition- 
ers of Medicine,” “Human Behavior,” “Signs 
of Sanity and the Principles of Mental Hy- 
giene,” and “Prohibiting Minds.” 


Thomas, William Sturgis: 1141 Fifth Ave- 
nue, New York City; born in Poughkeepsie, 
New York, October 11, 1871; died in New 
York City, December 21, 1941; graduated 
from the Medieal Department of the Na- 
tional University, Washington, D. C. in 
1892; elected a Fellow of the Academy De- 
cember 15, 1904. 

Dr. Thomas was associated with the St. 
Luke’s Hospital for about forty years and 
served from 1921 until his retirement in 
1940 as consultant in immunology and di- 
rector of tlie allerg}’- clinic. He was a diplo- 
mate of the American Board of Internal 
Medicine, a Fellow of the American Medical 
Association, a member of the Society for the 
Stud}' of Asthma and Allied Conditions, and 
a member of the State and County Medical 
Society. ^ 

Dr. Thomas was the author of “Textbook 
on Asthma” and contributed numerous ar- 
ticles to medical journals on allergy, asthma, 
and allied subject. 
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THROMBO-ANGIITIS OBLITERANS* 

Edgar V. Allen 

Division of Medicine, Mayo Clinic, Rochester, Minnesota 



7^lthough the condition M'hich is now recognized as 
thrombo-angiitis obliterans probably has been known 
for many years, the first report on the subject was not 
made until 1879 by Von Winiwarter. He used the term 
“endarteritis and endophlebitis” in describing the condi- 
tion of a man fifty-seven years old who had obliterative arterial disease 
of the extremities, the symptoms of Avhich had been present for tw'elve 
years. After 1879 some isolated reports appeared, but little progress 
had been made in the knowledge of this disease until the studies of 
Buerger, which culminated in his report in 1908. Buerger’s^ orderly 
analysis of a comparatively large number of cases marked an epoch in 
the study of the disease. His classic report of a study of the arteries and 
veins in eleven amputated limbs, and subsequent reports, indicate why 
the disease is commonly called “Buerger’s disease,” although I prefer to 
use the term “thrombo-angiitis obliterans,” which Buerger gave to this 
condition in his first publication. The publication of Buerger’s book in 
1924^ marked the beginning of widespread interest in thrombo-angiitis 
obliterans. Since that time reports concerning this disease have been 


* Read before the Graduate Fortnight of The New York Academy of Medicine, October 21, 1941. 



THE BULLETIN 


I 6 6 


frequent and sometimes brilliantly done. A partial list of the important 
contributors to the study of this disease would include the names of 
Adson, Duryee, Craig, Barker, Brown, Collens, Hines, Horton, Ho- 
mans, Herrmann, deTakats, MacGovern, Samuels, Silbert, Wright, 
Wilensky and several associates of these men as well as others. Although 
the past has been a pleasing chapter, much remains to be uncovered, and 
the future must produce even brighter contributions before the book 
about this disease can be closed. 


Etiology 


The cause is unknown. The lesions in the vessels are inflammatory, 
suggesting a bacterial or viral cause for the disease. Buerger,®’ ^ with full 
consent of the patients concerned, produced phlebitis in persons who 
had thrombo-angiitis obliterans, but whose symptoms at the time were 
quiescent, by inoculating them with material obtained from acutely 
inflamed, superficial veins of patients suffering from thrombo-angiitis 
obliterans. Rabinowitz® found a gram-negative organism in the blood 
of patients who had thrombo-angiitis obliterans, and believed he pro- 
duced vascular lesions in rabbits with this organism. These results were 


not confirmed by Jablons.® Horton and Dorsey^ cultured material taken 
from acutely inflamed veins and arteries obtained at biopsy or at ampu- 
tation in thirty-four cases of thrombo-angiitis obliterans. Gram-positive 
pleomorphic streptococci were obtained in pure culture in nine cases, 
and green-producing streptococci in two cases. Unfortunately, culture 
of material taken from arteries and veins of amputated extremities of 
patients who had arteriosclerosis likewise yielded similar organisms, so 
that the formation of definite conclusions in this study was precluded. 
Pleomorphic streptococci injected intravenously into thirteen rabbits 
caused intimal proliferation with thrombosis in two instances. Pleomor- 
phic streptococci were injected into the femoral muscles adjacent to the 
femoral vessels of forty-two rabbits; intimal proliferation and throm- 
bosis occurred in ten rabbits. Portions of vessels obtained from patients 
who had thrombo-angiitis obliterans were embedded in positions a - 
iacent to the femoral vessels of twenty-nine rabbits and one dog. Inti- 
mal proliferation and thrombosis occurred in seven rabbits, and in one 
rabbit trophic changes and dry gangrene developed in the toes of 

hind feet. This study suggests strongly that f ' 

fundamental cause of vascular lesions in thrombo-angiitis obliteran . 
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Important support for the belief that the vascular changes are caused 
by an organism is found in a report of a surgeon who acquired the dis- 
ease as the result of having a spicule of bone pierce his finger while he 
was amputating the toe of a patient who had tlirombo-angiitis obliter- 
ans.® Jews are affected more often than Gentiles, but people of all races 
and nationalities have the disease. Women acquire the disease infre- 
quently.® Our studies^® at the Mayo Clinic indicate that the blood in 
the presence of this disease is essentially normal but there is no unifor- 
mity of opinion concerning this point. Syphilis, malaria, typhus fever 
and the ingestion of rye bread have been implicated, but are not con- 
sidered to be important today. The smoking of tobacco accentuates the 
disease and further impairs the circulation as the result of tobacco- 
induced vasoconstriction, but there is no evidence that the use of tobacco 
is the primar}'- cause of the disease. Many puzzling questions remain 
unanswered when the etiology of this disease is considered. Why does 
the disease affect men more often than women? Is some endocrine in- 
fluence thereby indicated? Credence in this theory is adduced by the 
failure of the disease to affect males before puberty and in the years 
of sexual decline. Why are the lesions encountered much more com- 
monly in the extremities than elsewhere, and particularly in the lower 
extremities? Why are Jews more commonly affected than Gentiles? 
Doubtless the true solution of the cause of thrombo-angiitis obliterans 
will answer these questions. 

Pathologic Aspects 

Gross changes in the vessels when thrombo-angiitis obliterans is pres- 
ent are characterized early by thickening of the u^alls of vessels and 
later by occlusion of the walls by soft, red thrombi tvhich are finally 
converted into firm, yellowish-white tissue through v’^hich minute blood 
channels course. Adventitia and perivascular tissue become indurated 
and the artery, vein and nerve are bound firmly together. The earliest 
microscopic changes are the appearance of lymphocytes in the adven- 
titia and thickening of the intima arising from proliferation of its cells. 
This stage merges imperceptibly into that which is characterized by 
thrombosis and complete occlusion of the lumens of the vessels. Thrombi' 
are organized by the ingrowth of intimal cells and new vascular channels 
are formed in the intima and media. In the end stage, there are marked 
fibrosis of the adventitia in udiich a few lymphocytes may remain, per- 



THE BULLETIN 


I 68 


meation of the intima by new blood channels and sometimes by in- 
creased interstitial connective tissue, and occlusion of the lumens by 
very cellular connective tissue through which numerous small blood 
channels coursed^ 

Special Methods of Investigation 

These include oscillometry, arteriography, venography, plethysmog- 
raphy, determinations of temperature of the skin, capillaroscopy, calori- 
metry, tests of circulation time, tests of claudication time, studies of the 
oxygen content of the blood and the effects on circulation of anesthesia, 
as well as other tests. Although each of these special methods of study 
has added somewhat to the knowledge of thrombo-angiitis obliterans, it 
is none the less true that in actual clinical practice there is little need 
for most of them. Their greatest value has been in the securing of knowl- 
edge concerning chemical, physiologic and pathologic changes which 
characterize this disease. Sometimes there is a tendency to rely heavily 
on special methods of investigation for the diagnosis and acquisition of 
knowledge concerning progress of the disease. Experienced clinicians, 
on the other hand, rely almost solely on their knowledge of the symp- 
toms of the disease and the information that can be gained with expert 
use of the visual and tactile senses. Mechanical methods are poor substi- 
tutes for clinical experience. 

Complications 

In addition to thrombo-angiitis obliterans of the extremities, the 
cerebral, coronary, renal, mesenteric and other intra-abdominal arteries 
may be involved. For some unexplained reason, when there are clinical 
manifestations of involvement of the cerebral arteries such as hemiplegia 
and hemianopsia or evidence of involvement of the coronapr arteries 
such as angina pectoris or myocardial infarction, the organic changes 
found in these arteries are only occasionally inflammatoiy in origin 
and more commonly are arteriosclerotic in nature. The comphcanons 
mentioned are serious, and may greatly impair the health or terininate 
the lives of patients who have thrombo-angiitis obliterans, a^condition 
which ordinarily, at most, necessitates amputation of a limb.'" 

Symptoms 

The chief symptoms in thrombo-angiitis obliterans are those resulting 
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from impairment of the arterial blood supply, since inflammation of 
arteries and veins, with the exception of what occurs in acute thrombo- 
phlebitis and acute arteritis, induces insignificant symptoms. The chief 
symptoms of impaired arterial circulation are referable to temperature, 
discoloration, pain and ulceration or gangrene. Coldness of the skin is 
an invariable accompaniment of impaired arterial circulation, but it 
should be noted that some persons who do not have thrombo-angiitis 
obliterans and who have normal arterial circulation also have decreased 
temperature of the skin. These are the persons in good health who have 
cold hands and feet. The most characteristic discoloration of the skin 
in thrombo-angiitis obliterans is the excessive pallor which occurs when 
the affected extremity is elevated and the excessive cyanotic redness 
of the skin which is noted on prolonged dependency of the affected 
extremity. Variable degrees of pallor or cyanosis of the skin as the result 
of exposure to cold or as the result of emotion are not uncommon. The 
pain of thrombo-angiitis obliterans may be divided into two types: the so- 
called exercise pain or intermittent claudication and the “rest pain.” Inter- 
mittent claudication is a symptom which is pathognomonic of impaired 
arterial circulation. It is a type of distress which occurs only as a result of 
exercise and which disappears promptly as a result of rest. Characteris- 
tically, it affects the muscles in the calf of the leg. Pain is sharp and shoot- 
ing and gradually increases in severity until the patient must cease the 
activity which induces it. Intermittent claudication may affect the ankles, 
toes, plantar surfaces of the feet, and the forearm, vurist or individual fin- 
gers. Pain which is experienced while the patient is at rest may affect the 
feet or hands, usually the digits, before ulceration or gangrene appears. It 
is usually of a burning, continuous nature, worse at night, and aggravated 
by dependency. The pain of ulceration or gangrene often is severe, 
usually localized to the gangrenous or ulcerated regions, of a stinging, 
burning quality and associated with hyperesthesia about the lesion. Pain 
may be remarkably severe and persistent. The pain of sudden arterial 
occlusion is similar to that observed as a result of arterial embolism. The 
pain of ischemic neuritis is severe, diffuse, involves large areas and does 
not correspond to the distribution of peripheral nen’^es. Paroxysmal ex- 
acerbations of excruciating, shooting, pulling, tearing pain occur, extend- 
ing from one end of the extremity to the other. Paroxysms occur most 
often at night, and may last for several hours.^^ 
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Clinical Types of the Condition 


Slow pj'ogi'ession: This is the most common type of the condition. 
Coldness of the feet, which usually is the first symptom, is followed by 
excessive fatigue and claudication involving an area such as a single 
digit, the arch of the foot, wrist, ankle, calf or forearm and by abnormal 
pallor when the extremities are elevated and by abnormal redness of the 
extremities when they are dependent. Gangrenous or trophic ulcers may 
occur. 

Absence of progression: In this type mild symptoms of vascular in- 
sufficiency (usually excessive fatigue or the pain of claudication) pro- 
gress slowly for a time and then remain stationary. Trophic changes are 
limited to proliferation of the nails and increased thickening of the skin 
over the weight-bearing areas. 

Circulatory compejisation: This type may belong originally in either 
of the two types already described. The pain of trophic changes is mild 
or relieved by medical measures, or the digits may be amputated suc- 
cessfully, Shallow ulcers do not progress and after six months to a year 
healing occurs. Gradually, other symptoms largely disappear and leave 
the patient with extremities which are largely adequate for ordinary 
needs. 

Acute fuhninathig type: Claudication appears relatively suddenly and 
progresses rapidly. The pain which occurs during rest is severe before 
gangrenous changes occur and greatly accentuated afterward. Edema 
and lymphangitis are present around the gangrenous region and slight 
fever and leukocytosis may occur. Gangrene progresses rapidly; the 
pain is unbearable and intractable to all measures. Amputation is 


necessary. _ j- • • 

Extensive gangrene without rest pain: This type of condition is very 

rarely seen. In such cases the diagnosis must await results of pathologic 


Venous involvement only: This type of condition is not unusua . 
The first sign of vascular disease is recurrent superficial or deep phle- 
bitis, which may be present for many years before symptoms and signs 

of arterial obliterative disease appear. 

Nor77?al pulsations in arteries, which usually aie papa^ . 
clinical syndrome nsually is that of acute arterial ^ 

more digits followed by color changes suggestive of those V 
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naud’s disease. Gangrene as a rule follows occlusion. Amputation of the 
digit is followed by healing due to the normal blood supply proximal 
to the affected regions. Subsequently, other digits may be affected and 
the obliterative process may progress to a higher level. Diagnosis is de- 
pendent on the age, sex and nationality of the patient, the occurrence 
of superficial phlebitis, the type of pain, the signs of arterial obliteration 
in single digits, and the finding of organic changes, which are consid- 
ered to be characteristic of thrombo-angiitis obliterans, in the arteries. 

Vasomotor disturbances sinmlating Raynaud's disease: Clinical evi- 
dence in this type of condition is confusing only if the physician fails 
to recognize the frequent association (30 per cent) of vasomotor dis- 
turbances in organic arterial disease. In such cases vasomotor disturbances 
of the Raynaud type dominate the clinical picture and the organic na- 
ture of the disease may be overlooked. The obliterative process is evi- 
denced by signs and symptoms of impaired arterial blood supply. Super- 
ficial phlebitis is common. 

Associated arteriosclerosis: In this type of condition the signs and 
symptoms of thrombo-angiitis obliterans are manifested, but there is 
roentgenographic evidence of calcification of the arteries of the extremi- 
ties, The radial arteries usually are sclerosed and the age of the patient 
is at the upper limits, or more than that of the usual patient who has 
thrombo-angiitis obliterans. Diagnosis is based on a consideration of the 
age and race of the patient, the occurrence of superficial phlebitis, ab- 
normal postural color changes, the inflammatory zone around the gan- 
grenous ulcer and excessive pain. In many cases microscopic examination 
of the arteries is necessary before diagnosis can be established. 

Severe rest pain 'without trophic changes: This type is rare. The chief 
symptom is pain when the patient is at rest, and this pain may equal 
that which occurs in cases of marked gangrene. The pain is severe, ach- 
ing or burning and intractable to the usual measures. Examination of 
the extremities discloses nothing except postural color changes, arterial 
obliteration and diminished warmth. 

Sudden arterial occlusion: Sudden arterial occlusion in thrombo- 
angiitis obliterans may occur in the course of established thrombo- 
angiitis obliterans or as the primary manifestation of the disease. The 
symptoms are similar to those noted in the conventional type of sudden 
arterial occlusion; namely, a sudden or gradual onset of pain, pallor and' 
coldness or numbness in the extremities.^* 



Physical Observations 

1. Pulsation in the peripheral arteries: The most important sign of 
thrombo-angiitis obliterans is the absence or the impairment of pulsations 
in usually palpable arteries; namely, the dorsalis pedis, posterior tibial, 
popliteal, femoral, radial, ulnar, and brachial arteries. It should be kept 
in mind, however, that thrombo-angiitis obliterans may affect the ar- 
teries distal to the point at which pulsations ordinarily can be palpated, 
although this situation occurs infrequently.^^- There is much to be 
desired in the matter of general information about determination of pul- 
sations in the peripheral arteries, A comparable situation in auscultation 
of the heart, for instance, would indicate a chaotic state in the physical 
diagnosis of cardiac disease. The physician who is interested in the peri- 
pheral circulation should, by practice, acquire expertness in the palpa- 
tion of peripheral arteries. 

2. Postural color changes: Abnormal changes in the color of the skin 
accompanying changes in posture indicate occlusive arterial disease and 
occur in no other condition. To determine what constitutes normal in 
the matter of the effect of posture on the color of the skin, the physi- 
cian should study the color of the skin of his own digits. It is a simple 
matter to elevate one hand over the head for a few seconds and then 
quickly move it to the level of the waist, alongside the other hand. It 
is also simple to lie on a bed when preparing to retire and to determine 
the effect of posture on the color of the skin of the toes by elevating one 
leg. When the upper extremities of the patient who has thrombo-angi- 
itis obliterans are being examined, he or she should hold the hands above 
the head and clench them rapidly five or six times; they are then held 
open for examination. The person who has normal arterial circulation 
exhibits slight blanching of the skin as a result of this procedure. If 
there is significant impairment of the arterial circulation, the skin of 
the palm of the hand and of the fingers becomes blanched excessively. 
Frequently, it is observed that the skin of one finger or more is decidedly 
blanched, whereas that of others appears to be normal; also, the pallor 
may be distributed in an irregular or patchy form. Although blanching 
of some extent of the color of the skin of the hands occurs normally 
when they are elevated above the head, the color returns in a regular 
manner within five seconds after the hands are in the dependent position. 
If there is prolongation of the time in which normal color returns to the 
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skin, impaired arterial circulation exists. When a study of the postural 
color changes in the lower extremities is made, the patient lies in a face- 
up position, with his legs flexed at the hips at about a 90 degree angle, 
in relation to his trunk. The patient may support his extremities by 
locking his fingers behind his knees. The examiner presses blood from 
the skin of the elevated extremities by repeated firm stroking of the 
plantar surface of the foot and toes or he asks the patient to alternately 
flex or extend the toes or to extend and flex the foot at the ankle for 
about thirty seconds. Normal persons will exhibit only mild pallor, but 
when there is marked impairment of the arterial circulation, pallor is 
extensive and marked. After observation of the color of the skin, the 
person’s feet are turned to a dependent position by having the patient 
sit with his feet over the edge of the bed or examining table. Usually, 
normal color returns to the skin of the extremities in about ten seconds. 
If impairment of the arterial circulation of the extremities is marked, 
color may return slowly during a period of forty-five to sixty seconds 
or more. Sometimes it returns in an irregular or patchy manner. Less 
marked delay of the return of color indicates less marked impairment 
of the circulation. Excessive rubor of the skin when the extremity is 
in the dependent position also is a manifestation of impaired arterial 
circulation, but does not specifically indicate impaired arterial circula- 
tion. If cyanotic redness of the skin is more marked than it is among 
normal persons, it constitutes presumptive evidence of impaired arterial 
circulation. It is usually limited to parts distal to the wrists and to the 
ankles, but occasionally it extends for a few inches above the ankle. 

j. Temperature of the skin: It is well to remember that coldness of 
the skin does not in itself indicate impaired circulation. However, dif- 
ference in the temperature of the skin of two symmetric parts is impor- 
tant. Thus, if the digits of one extremity are found to be colder or 
warmer than the digits of the companion extremity, the probability is 
great that there is a disturbance of the circulation. The same obser^'^ation 
is true when a difference of temperature of the skin is encountered 
among the digits of the same extremity. 

Venous filling time: After elevation of the extremities until the 
veins on the dorsum of the foot and the dorsum of the hand have col- 
lapsed, the extremities are quickly moved to the dependent position. 
Among normal persons, there is evidence of filling of the veins on the 
dorsa of the feet and hands within ten seconds. A^Tenever more than 
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ten seconds is required for these veins to show evidence of filling, im- 
pairment of arterial circulation should be suspected4^ 

j. Phlebitis: This manifestation usually affects the superficial veins 
in thrombo-angiitis obliterans, but occasionally the deep veins may be 
involved , ' Superficial phlebitis is characterized by red, tender zones 
along the course of veins and the presence of a palpable thrombus in 
these veins. After the acute phase of thrombophlebitis subsides, there 
may be characteristic staining of the skin with blood pigment, which will 
persist for long periods. Deep thrombophlebitis does not differ from 
that observed in other conditions. 

6. Gangrene and ulceration: These conditions are almost always lim- 
ited to the distal parts; that is, the ends of the fingers and toes. Gangrene 
may extend, however, to involve almost the entire foot or the entire 
finger. When localized gangrenous or ulcerating lesions affect more 
proximal parts of the hand or foot than the digits, the probabilities that 
these lesions have been induced by various kinds of trauma are great. 

Diagnosis 

Thrombo-angiitis obliterans should be suspected whenever unex- 
plained gangrene affects the extremities, whenever intermittent claudi- 
cation occurs, whenever superficial phlebitis recurs and whenever the 
extremities are cold, discolored or affected by episodes of discoloration. 
The diagnosis of chronic occlusive arterial disease is based on the find- 
ing of diminution or absence of pulsations in the dorsalis pedis, posterior 
tibial, popliteal, femoral, radial or ulnar arteries. Confirmatory signs are 
abnormal coldness of the extremities, excessive pallor when the extremi- 
ties have been elevated for a few minutes, slow return of color and de- 
layed filling of veins when the extremities are put in the dependent 
position after elevation, and abnormal redness or cyanosis when they 
have been in the dependent position for a few minutes. 

The only condition which offers any great difficulty in differential 
diagnosis is arteriosclerosis obliterans, \vhich is also a chronic occlusive 
arterial disease (Table i). 

Treatment 

Intelligent treatment of thrombo-angiitis obliterans necessitates full 
consideration of the following conditions. 

Thrombo-angiitis obliterans is a self-limited disease. The chief aims 
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Table 1 

DIFFERENTIAL DIAGNOSIS OF CHRONIC OCCLUSIVE ARTERIAL DISEASE 
AFFECTING THE EXTREMITIES* 


Diagnostic points 

Age 

Sex 

Race 

Pulsation of arteries 

Claudication 

Excessive rubor with 
dependency 

Excessive pallor with 
elevation 

Gangrene 
Rest pain 
Type of rest pain 

Appearance of gangrenous 
ulcers 

Superficial phlebitis 
Roentgenogram of arteries 

Color changes after 
exposure to cold 

Temperature of extremities 
Edema 

Pats in the blood 


Thrombo-angiitis obliterans 

Between 25 and 4-5 years 
Males, 99% 

J ewish, 42% 

Pulseless, 50% 

Diminished, 45% 

Normal, 5% 

Usually present 
Present 

Present 

Common 

Usually very severe 

Sliarp, stinging 

Moist, inflamed, discharging 

30% of cases 

Usually negative for sclerosis 
30% 

Low 

Frequent 

Normal 


Arteriosclerosis obliterans 

Between 55 and 85 years 
Males, 90% 

Any 

Pulseless, 50% 

Diminished, 45% 

Normal, 5% 

Usually present 
Present 

Present 

Common 
Usually mild 
Aching 
Usually dry 

Absent 

Usually positive for 
sclerosis 

15 to 20% 

Low 

Infrequent 
F reqiienth' increased 


*In a table such as this, only tlie usual situation can be outlined; there are exceptions; 
percentages are approximate. 


of treatment are two: (i) prevention of progression of the disease and 
(2) establishment of collateral circulation which will be sufficient to 
maintain life in the peripheral tissues in spite of occlusion of the chief 
arteries. Occasionally, a physician feels that it is vdser to amputate the 
lower extremities than to carry out conservative treatment for a long 
period. Such an attitude neglects two observations: first, amputation 
can be prevented in the vast majority of instances if adequate medical 
treatment is carried out; and second, amputation of the extremities does 
not eradicate the disease, which may continue to progress in other 
regions, namely, the heart, brain and the intra-abdominal regions. Ade- 
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quate clinical observation by a number of careful students of the dis- 
ease has indicated that without doubt much can be accomplished in 
the medical treatment of thrombo-angiitis obliterans and that under 
good supervision the incidence of amputation is remarkably low and 
disability surprisingly slight. These statements do not express satisfac- 
tion with the present methods of treatment, for there is much room 
for improvement. This attitude does, however, take exception to that 
held by many physicians: that nothing can be done for the patient who 
has thrombo-angiitis obliterans. 

In a consideration of the correct treatment of a patient who has 
thrombo-angiitis obliterans with gangrenous lesions, ulcers or pain while 
the limb is at rest, both patient and physician must be thoroughly 
imbued with the idea that treatment for a comparatively long period 
is essential if the best results are to be attained. It is sometimes well to 


point out to a patient that many diseases, such as tuberculosis, for ex- 
ample, require treatment for months, and that thrombo-angiitis may 
be as demanding of time as the aforementioned disease. If this situation 
is discussed with the patient suffering from thrombo-angiitis obliterans 
soon after treatment is begun, he is easily reconciled to slow progress, a 
state of mind which in itself seems to hasten improvement. It is impos- 
sible to state precisely when medical treatment should be abandoned 
for amputation if amputation is necessary, since the criteria for ampu- 
tation vary greatly from case to case. In general, in cases in which 
severe pain cannot be controlled adequately by medical or neurosurgi- 
cal means or in which gangrenous lesions do not respond w intensive 
medical treatment for a considerable period, amputation is require . 
The physician who encounters many patients suffering from thrombo- 
angiitis obliterans actually encounters three types of conditions, in two 
of which decision as to treatment is not difficult. In the first prompt 
amputation is advisable, and in the second amputation need not be 
considered. For patients who have the latter condition medical treat- 
ment and sympathectomy are clearly indicated. In the third condition, 
however, the question arises at once as to whether or not amputation 
is advisable. In such circumstances it is best to treat patients conserva 
tively for a minimal period of several weeks. If 

results from this regime, amputation may be considered. If the treat 
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is a chronic disease and that healing of lesions such as those described 
does not necessarily mean that cessation of the disease has occurred. 
He may point out that amputation may be advisable eventually and that 
there is little reason for deferring the time when such treatment is nec- 
essary. Such an attitude prompts the decision to amputate limbs as soon 
as the diagnosis of thrombo-angiitis obliterans is made. Fortunately, the 
poor logic of this is apparent, for many patients suffering from thrombo- 
angiitis obliterans have rwo fairly normally functioning legs all their 
lives and many others may be spared one normally functioning leg. 

Other physicians may point out that the cost of conservative treat- 
ment for a long period is great. It is almost always a good policy to dis- 
cuss the situation frankly with the patient. If he desires a trial of con- 
servative treatment it seems to me he should have it. If such treatment 
impresses him as being too costly and too uncertain of producing good 
results, amputation may be advisable. Too many factors influence the 
patient to allow the physician to advise him dogmatically. The physi- 
cian should not allow a poorly founded attitude of pessimism on his 
part to influence the patient to accept amputation when it may not 
be necessary. Some patients are treated conservatively too long, but in 
many instances “too poor” treatment is mistaken for “too long” treat- 
ment, I cannot agree that the cost of an intensive but conserv^ative pro- 
gram for a few weeks is too great, if there is a chance of producing 
healing of gangrenous lesions and quiescence of the disease, I believe 
that the incidence of amputation for thrombo-angiitis obliterans has 
been sharply reduced and that it can be further reduced. Earlier rec- 
ognition, better consen^ative treatment and less of an impetus toward 
amputation in many cases are very desirable. 

Abstinence frotn tobacco: The use of tobacco in any form should 
be denied every patient who has thrombo-angiitis obliterans. It is ap- 
parent that it is largely useless to treat patients who continue to use 
tobacco. 

Vrotection of the extremities: It is important that the extremity or 
extremities be cared for properly if gangrene is to be prevented. In 
more than 50 per cent of cases, gangrene is precipitated by some avoid- 
able injury. The patient should do all he can to avoid crushing or bruis- 
ing of the feet or toes and to avoid scratches, cuts, fissures in the skin, 
burns, blisters and frostbite. Only comfortable shoes which do not bind 
or rub should be worn, and the patient should “break in” new shoes 




178 


THE BULLETIN 


gradually by wearing them about an hour daily. Felt shoes or sheep- 
skin shoes should be worn in cold weather if the patient is subjected 
to cold. Diminished activity on the feet is advisable. Patients can carry 
on ordinary activities, if they are not too strenuous. However, they 
should attempt to rest the feet as much as possible. In some instances 
it may be advisable to begin treatment with cessation of all but neces- 
sary activities for a month or so. Toenails should be cut straight across 
after they have been soaked in warm water; corns, calluses and bunions 
should not be trimmed or incised. Removal of ingrown toenails and 
minor operations on the toes have caused many instances of gangrene, 
and these minor surgical procedures should be avoided unless they are 
performed by a physician who is familiar Avith the disease. The feet 
should be washed carefully and gently every day with mild soap and 
warm water; they should be carefully dried and then 50 per cent alcohol 
should be applied. If the extremities are excessively dry and the skin 
tends to crack or scale, they should be rubbed gently with hydrous 
lanolin or cocoa butter once or twice a day. Preparations containing 
iodine, merthiolate, sulfonaphthol, carbolic acid, cresol and lysol should 
be avoided because they may cause ulceration or gangrene. Trichophy- 
tosis should be actively treated— but not in the usual manner, because 
preparations containing salicylic acid may cause ulceration. A safe 
method of treatment is to soak the feet for half an hour twice daily in 
a 1:8000 solution of potassium permanganate. 

Measures designed to increase the circulation: It may be determined 
by a reading of the literature that there is a wide divergence between 
the evidence derived from physiologic studies which indicates improved 
circulation, on one hand, and the clinical manifestations accepted by 
various authors as constituting evidence that there was improvement in 
circulation, on the other hand. This situation has been brought about 
largely because of the failure of physicians to understand that many 
diseases are subject to marked remission and accentuation in their natural 
courses. It is brought about also by the fact that those physicians who 
are relatively inexperienced, in that they have seen but few instances 
of impaired circulation, do not have the background which would en- 
able them to interpret clearly the effects of various measures. Finally, 
confusion is brought about because some authors have advocated vig- 
orously and enthusiastically their own particular methods of treatment 
when there has been inadequate physiologic foundation for such en- 
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thusiasm. One need not have been loner interested in disturbances of 
the peripheral circulation to notice that some measures accepted enthu- 
siastically by the medical profession at one time are now largely disap- 
pearing from the scene. There is no quality of unkindness in these 
remarks, for as long as physicians are human beings, enthusiasms will 
wax and wane and methods will come and go. It does seem advisable, 
however, for me to make a plea for physiologic evidence that methods 
which are advocated in the treatment of circulator)^ disturbances have 
a beneficial effect upon the circulation. Yet, even physiologic evidence 
that circulation is improved temporarily by specific methods cannot 
recommend the particular method in question too highly. The best 
method of treatment would be one which could be shown by the re- 
sults of physiologic studies to produce permanent improvement of the 
circulation. Instrumental method A may be shown to improve the cir- 
culation temporarily, but it has no virtues over simpler methods, of treat- 
ment (for example, an environmental temperature of 86° F. [30° C] 
which also increases circulation) unless it produces a permanent increase 
in the circulation. As clinicians, therefore, we are most enthusiastic 
about a method of treatment which produces a permanent increase in 
the circulation as shown by physiologic studies, Jess enthusiastic about 
methods which produce temporary improvement in the circulation as 
shown by physiologic studies, and least enthusiastic about methods of 
treatment which cannot be supported by physiologic studies but which 
chnically seem to have value. It is well to emphasize herein that data con- 
cerning the beneficial results of some particular method of treatment 
which are based on observation for a long period are of little value, be- 
cause, as has been noted, there is a distinct tendency for disturbances of 
the peripheral circulation to regress and progress, and because it is almost 
always true that no single method of treatment of this disease is carried 
out. Each physician instructs the patient in the care of his extremities, 
insists on cessation of smoking, in many instances puts the patient to bed, 
improves his nutrition and relieves his pain. To this basic groundwork of 
treatment Doctor A adds method A, Doctor B adds method B, Doctor C 
adds method C and so forth. Unfortunately, in reporting his results. 
Doctor A is likely to attribute all improvement to method A, \^’^hereas 
Doctor B is likely to attribute all improvement to method B, and Doc- 
tor C is likely to attribute all improvement to method C. This seems 
to me to be the only explanation for the astonishing correlation of good 
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results reported from a number of different methods of treatment. 
Study of the literature reveals that almost all methods of treatment pro- 
duced good results in a large percentage of cases. This raises the sus- 
picion that it was not the specific treatment alone which produced 
improvement, but the basic framework of treatment in addition to the 
specific method of treatment. The most optimistic notes in any con- 
sideration of diseases of the peripheral circulation are the great strides 
that have been made in the progress of therapeutics. These, it seems 
to me, are more important than the determination of the specific reason 
for therapeutic improvement. 

Local application of heat to the extremities: This may be advisable 
and may be administered in the form of radiant heat from a carbon 
filament bulb placed in a cradle or baker. The temperature about the 
feet should not exceed ioo°F. (37.7° C,). Exposure of the extremities 
to this warmth for an hour two or three times a day is advisable. 

Warm sitz baths: These also improve the circulation temporarily. 

Postural exercises: These may be helpful, although there is, so far as 
I know, no evidence that they produce improvement in the arterial cir- 
culation. Patients should elevate the extremities for one minute, then place 
them in the dependent position until rubor becomes maximal, then lie 
with them in a horizontal position for one minute. These procedures 
should be repeated five times, two or three times each day. 

Contrast baths: These may be advisable. There should be two con- 
tainers, each large enough tO' permit immersion of both feet to the mid- 
portions of the legs. In one container is placed cold water (40 to 50° F. 
or 4.4 to 10° C.) and in the other, warm water (102 to 105° F. or 38.8 to 
40.5° C.). The feet are alternately immersed in each container for one 
minute for a period of about fifteen minutes, two or three times a day. 
I know of no evidence that this procedure improves the arterial circula- 
tion. 

Intermittent suction and pressure (pavex) treatment: In some in- 
stances this should be carried out for two or three hours daily.^®’^® The 
pressure should be varied, depending on the comfort which the treat- 
ment affords and the effects on circulation, but generally a positive 
pressure of 40 mm. of mercury and a negative pressure of 80 to 100 mm. 
of mercury are advisable. Ordinarily, a complete cycle should occupy 
about fifteen seconds. Disappearance of symptoms, healing of ulcers and 
objective evidence of improved arterial circulation have been reported 
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to result from this method of treatment. As these reports and others are 
studied, the reader is impressed with the fact that the physiologic evi- 
dence of improved blood flow as the result of this method of treatment 
is based on a few determinations of the temperature of the skin and on 
the observation that the flow'^ of liquid through a mechanical schema 
could be increased by this method of treatment. Cautious question of 
whether the results on the circulation thus achieved are only temporary 
seems well founded. Physicians vary greatly in their evaluation of this 
method of treatment, some are enthusiastic, others believe the method 
has no virtue. Certainly it is true that in most instances the enthusiasm 
displayed when the technique first became available has waned, but there 
still seems to be a place for this method. This type of treatment, as well 
as intermittent venous compression and passive postural exercises as made 
possible on the Sanders bed, should be carried out in a room, the en- 
vironmental temperature of which is about 90° F. (32.2° C.), or in con- 
junction with the local application of radiant heat. 

Intermittent venous obstruction: This technique is considered ad- 
visable by some physicians.^®’^^ In developing this method of treatment, 
CoIIens and Wilensky utilized the observation of Lewis and Grant,-- 
who found that an increase in arterial amplitude occurs during venous 
congestion and that an increase in the arterial flow much out of propor- 
tion to the original resting rate occurs when venous congestion is re- 
lieved. Evidence is largely or entirely lacking that this reactionary hy- 
peremia does more than repay the debt in circulation which occurs 
during the period of venous occlusion. Even students of the physiology 
of the circulation do not agree as to whether or not this method of treat- 
ment improves the peripheral circulation. For example, Abramson and 
associates,-^ who studied circulation with a plethysmograph, found that 
“In no instance was a sustained increase in blood flow observed in the 
leg or forearm during or following this procedure.” Linton and his asso- 
ciates,-^ however, concluded on the basis of results of an experimental 
study that during the period of venous compression a rather marked 
increase in arterial inflow occurs. Results of recent studies not yet re- 
ported cast grave doubt on the validity of previous obser\'^ations that inter- 
mittent venous occlusion causes an improvement in arterial circulation. 
It is possible, however, that this method of treatment produces good 
results in some manner other than by improvement of the arterial cir- 
culation. The situation is similar to that vTich obtains in intermittent 
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suction and pressure, as far as clinicians are concerned. Some are enthu- 
siastic, others feel that the method has no virtue. Although machines are 
available which will perform this function automatically, it can be car- 
ried out by placing the cuff of a sphygmomanometer about the patient’s 
thigh or arm. The cuff is inflated to a pressure of about 8o mm. of 
mercury for from two to nine minutes and then deflated for about two 
minutes. This treatment should be carried out for a minimum of about 
four or five hours daily. 

The Sanders bed; The Sanders bed in brief consists of an ordinary 
hospitable bed attached to a special cradle so that the bed can be rocked 
on a transverse axis across its midportion after the manner of a child’s 
see-saw. By means of an electric motor, the bed is tipped on this trans- 
verse axis continually, so that the head of the bed is alternately raised 
and lowered to an arc of approximately 6o degrees. The period of oscil- 
lation can be adjusted, so that a complete cycle can be completed within 
any interval from one to seven minutes. The use of the bed makes use 
of the old principle of postural exercises described previously.^® Barker 
and Roth-® noted that by means of this bed pain associated with ulcera- 
tion and gangrene, pain caused by ischemic neuritis and pain which 
occurred in the digits without ischemic neuritis or gangrene, was re- 
lieved. They thought that in comparison with other mechanical means 
of treatment of peripheral circulatory diseases, the Sanders bed possesses 
the advantage of ease of use. As far as I know there is no conclusive 
physiologic evidence that this mechanical method of treatment improves 
peripheral circulation, but the clinical results obtained with this type of 

treatment are occasionally striking. 

Hypertonic solutions of sodium chloride: The injection of hyper- 
tonic solutions of sodium chloride may aid.^""-"® In cases of thrombo- 
angiitis obliterans without gangrene from 250 to 350 cc. of a 3 to 5 per 
cent solution are injected, twice or three times a week for about three 
months; then the frequency of injection is gradually diminished for 
about six months. In cases of gangrene injection is done three times each 
week until healing occurs, or until the hopelessness of further treatment 
has been established. The solution should be injected through a 19 gauge 
needle at the rate of about 30 cc. per minute. Much controverj exists 
concerning the efficacy of this method of treatment. ^ 

obtained excellent clinical results with it; others have believed that the 
solution of sodium chloride is of Mule or no benefit. My own doubt an 
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that of others concerning this method of treatment is based on the con- 
viction that the original premise on which this treatment rests is false; 
namely, that there is an increased viscosity of the blood in thrombo- 
angiitis obliterans which can be corrected by the injection of hypertonic 
solutions of sodium chloride. There is some objective evidence that cir- 
culation in the peripheral arteries increases as a result of this method of 
treatment,”® but Abramson®® concluded as a result of plethysmographic 
studies that only occasionally did the intravenous injection of hyper- 
tonic solutions of sodium chloride improve the peripheral circulation. 

Typhoid vaccine; Certainly one of the best methods of increasing 
the circulation in thrombo-angiitis obliterans is the repeated induction of 
fever by means of the intravenous injection of typhoid vaccine.®® At 
the Mayo Clinic we use a vaccine* which contains killed typhoid, para- 
typhoid A and paratyphoid B organisms. The desired reaction is eleva- 
tion of the oral temperature to from loi to 102° F. (38.3 to 38.8° C.). 
Chill, headache and malaise may result. Excessive elevation of the oral 
temperature, severe chills, and marked malaise are not necessary and are 
to be avoided if possible. The quantity of vaccine originally injected 
contains 15,000,000 to 25,000,000 bacteria for a man and about half this 
amount for a woman. Ordinarily, each subsequent dose is increased by 
from 15,000,000 to 25,000,000 bacteria, but the amount injected depends 
on the reaction. If the reaction to any injection is too severe, the amount 
subsequently injected should be increased only slightly or not at all. 
If the reaction is too mild, the quantity next injected should contain 
25,000,000 to 50,000,000 bacteria more than did the quantity previously 
injected. Injection may be done once or twice a week for six or eight 
v^eeks, after which a period of rest of several weeks is advisable before 
another course is begun. Contraindications to the intravenous injection 
of typhoid vaccine are advanced debilitating diseases, diseases of the 
coronary and cerebral arteries, a chronic nephritis, mild cardiac insuf- 
ficiency, active pleurisy or pericarditis, latent or quiescent appendicitis 
and cholecystitis.®^ It is our absentation, made repeatedly, that the bene- 
ficial effects of the intravenous injection of typhoid vaccine persist 
beyond the period of the fever. Usually, fever which lasts six or seven 
hours \vill provide relief of pain for days and it is a rather common clini- 
cal observation that lesions characterizing impaired arterial circulation 
may continue to improve for a period which is much longer than the 


*Lederle Laboratories, Inc., New York. 
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duration of the fever itself. It is my opinion, but one which I cannot 
develop on the basis of evidence, that the repeated intravenous injection 
of tjrphoid vaccine has an ameliorating effect on the course of the 
thrombo-angiitis obliterans. 

Short wave diathermy: This distinctly improves the peripheral cir- 
culation, but the effects of such treatment are of short duration.®^ Ter- 
minals should not be applied to affected limbs. 

Heating sleeve and heating boot: This method promises to be of sub- 
stantial value in the treatment of thrombo-angiitis obliterans.^^ It is a 
method of inducing vasodilation in the lower extremities by heating the 
upper extremities, but it has not yet been perfected from a mechanical 
standpoint. 

Miscellaneous methods: The ingestion of alcohol improves the peri- 
pheral circulation and may be used judiciously. Papaverine, theobromine, 
calcium, parathyroid extract— Collip (para-thor-mone) , desiccated thy- 
roid substance, sodium thiosulfate, iodides, prostigmine, estrogenic sub- 
stances, testosterone propionate, sodium chloride taken orally and other 
agents or methods of treatment have been said to improve the peripheral 
circulation in thrombo-angiitis obliterans, but in most instances suppor- 
tive evidence of these claims is lacking. 

Stdfanilajmde: It has been my impression that sulfanilcmtide is of 
value in the treatment of thrombo-angiitis obliterans, particularly of that 
type which progresses rapidly. If no untoward reactions occur, sulfan- 
ilamide may be given in amounts of 6o to 90 grains (4 to 5.8 gm.) daily 
(enough to keep the concentration of the drug in the blood at 6 to 8 
mg. per 100 cc.) for a period of two weeks, which is followed by a rest 
period of two weeks, at the end of which the treatment can be given 
again. The alternating method of administration may be continued for 
two or three months if the patient tolerates the treatment well. 

Dmgs which impair coagulation of the blood: i. Heparin.— Heparin 
might be valuable in the prevention of thrombosis which occludes the 
arteries and veins in thrombo-angiitis obliterans, but difficulty of admin- 
istration and the cost are prohibitive. 

2. Coumarin compound: This preparation, made from spoiled sweet 
clover (3,3' methylene-bis- [4-hydroxycoumarin]), which prolongs 
coagulation and prothrombin time of the blood, may be useful in the 
treatment of thrombo-angiitis obliterans, since it impairs coagulation of 
the blood and may prevent thrombosis. It may be administered orally 
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for long periods, and is not expensive.^^ Much A^’^ork remains to be done 
before any conclusions can be formed concerning the usefulness of this 
preparation. 

Treatiiieiit of mteiimtteiit claudication: This can be treated by the 
use of tissue extract. Of these the deproteinated tissue extract* is as good 
as any.^° It can be injected into the deltoid muscles in amounts of from 
3 to 5 cc. If a daily injection for four or five days greatly increases the 
distances which the patient can walk before the pain of claudication 
occurs, the injections can be diminished gradually in frequency until a 
plan is developed which produces maximal therapeutic results. So far as 
1 know, this treatment does not improve circulation, but is intended only 
to increase the distance the patient can walk before pain occurs. 

Treatment of severe pain which occurs while the patient is at rest: 
Severe pain may affect the extremities when the patient is at rest, when 
trophic changes are present or when the skin is unbroken.^® In many 
instances morphine sulfate or dilaudid must be used, but the habituation 
to these drugs should be avoided. Codeine sulfate is efficacious in many 
instances. The artificial induction of fever by means of the intravenous 
injection of typhoid vaccine may produce marked relief. Other meas- 
ures, such as intermittent suction and pressure, intermittent venous ob- 
struction and the intravenous injection of solutions of sodium chloride, 
should be tried. When pain does not respond favorably to these meas- 
ures and the patient loses morale and weight and is unable to sleep, sec- 
tion or crushing of, or the injection of alcohol into, the posterial tibial, 
peroneal and sural nen'^es may produce anesthetization of the skin and 
relieve pain.^” In other instances it is advisable to inject alcohol into the 
spinal canal for the purpose of affecting the posterior nerve roots.^® 
Neither of these procedures should be carried out by anyone other than 
an experienced surgeon. Amputation may be necessar}^ 

Local ti-eatment of gangi-ene: The wound should be kept clean and 
the extremit}'’ should be soaked for from two to four hours daily in a 
M'^arm saturated solution of boric acid or a 1:8000 solution of potassium 
permanganate or an 0.5 per cent solution of chloramine. In some in- 
stances surgical cleansing may be advisable, but this should be performed 
only by an e.xperienced surgeon. It is only rarely that a toe can be suc- 
cessfully amputated, for the incision necessar}’’ to this procedure ordi- 
narily does not heal. Contrary'- to this situation, if fingers are amputated 
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the %vounds almost invariably heal. In all cases of trophic changes involv- 
ing the digits patience must be exercised, for it is often necessary to treat 
patients actively for weeks or months before the grangrenous part 
sloughs and granulation and epithelization occur. Other measures, such 
as those mentioned in the preceding paragraphs, should be used. When 
the ulceration is free from infection and the base is covered with granu- 
lation tissue, some of the epithelial stimulants, such as thioglycerol, pro- 
mote healing. AVlien evidence of infection is present, sulfanilamide may 
help. When massive gangrene affects an entire foot, amputation ordi- 
narily is the best procedure. In about 8o per cent of the cases healing 
follows amputation of the extremity below the knee, but it is occasion- 
ally necessary to perform reamputation above the knee. The necessity 
for amputation of the forearm has never been observed. 

Treatment of recurrent superficial phlebitis: There is no known 
method for the successful prevention of recurrence of superficial phle- 
bitis in all instances. In some cases removal of foci of infection may be of 
value. Acute episodes are best treated by rest in bed and the application 
of moist, warm packs in which a saturated solution of magnesium sulfate 
or boric acid is embodied. In some instances roentgen irradiation of the 
inflamed veins may speed resolution. Sulfanilamide may help. 

Value of sympathectomy:^^ Removal of the sympathetic nerve sup- 
ply to the extremity is performed for the single purpose of increasing the 
flow of blood. This procedure does not ordinarily affect intermittent 
claudication, or prevent recurrence of superficial phlebitis or progression 
of the disease. It does, however, increase the blood supply to nearly 
maximum and minimizes the danger that gangrene will necessitate ampu- 
tation. It should be carried out only when trophic lesions are minimal 
and healing, or when they are entirely absent and when pain which 
occurs during rest has been almost entirely relieved or is entirely absent. 
Whether or not the blood supply can be significantly increased by sym- 
pathectomy may be determined by thermometric study of the extremity 
after the artificial induction of fever by the intravenous injection of 
typhoid vaccine. Thermocouples are applied to two or three digits of 
each extremity, one of which is the most extensively involved. Fever is 
induced by the intravenous injection of a suitable amount of typhoid 
vaccine. If the increase in the temperature of the skin is markedly in 
excess of the increase in the oral temperature, or if the maximal cutane- 
ous temperature less the increase in the oral temperature exceeds an 
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approximate value of 32° C. (89.6° F.) sympathectomy will signifi- 
cantly increase the circulation. Naturally, the kind of treatment to be 
employed will depend on the clinical syndrome as indicated in the fol- 
lowing rough outline: 

1. Intermittent claudication and cold, discolored extremities. 

a. Cessation of use of tobacco 

b. Prophylactic care 

c. Tissue extracts 

d. Sulfanilamide 

e. Occasional injection of typhoid vaccine 

f. Sanders bed, pavex or intermittent venous occlusion for 
two hours daily, or repeated injection of hypertonic salt 
solutions 

g. Sympathectomy in place of “e” and “f” 

2. Limited ulceration or gangrene with rest pain 

a. Cessation of use of tobacco 

b. Hospital care in an environmental temperature of about 
90° F. (32.2° C.) 

c. Sulfanilamide 

d. Local care of gangrene or ulceration 

e. Typhoid vaccine 

f. Use for several hours daily of Sanders bed, pavex or inter- 
mittent venous occlusion 

g. Hypertonic salt solutions 

h. Section of peripheral nerves if necessar}’- for relief of pain 

3. Extensive gangrene or limited lesions w’hich do not heal as a result 
of v'^eeks of treatment 

a. Amputation 

Summary 

Thrombo-angiitis obliterans is a disease of unknown etiolog}’’ which 
is characterized by inflammation of veins and arteries, chiefly in the ex- 
tremities, leading to thrombosis of these veins. The disease produces its 
detrimental effects chiefly by means of impairment of the arterial circu- 
lation. A well-planned program of treatment in which physician, ortho- 
pedist and neurosurgeon should participate frequently results in cessa- 
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non of the disease and preservation of the extremities. Although many 
questions concerning this disease remain unanswered and although treat- 
ment is by no means entirely satisfactory, great strides have been made 
in the past decade and a half in an understanding of the disease and in 
methods of treatment. 
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EFFECTS OF RENAL EXTRACT ON 
HYPERTENSION* 

Arthur Grollman, John R. Williams, Jr., and T. R. Harrison 

□ T the present time there are two widely accepted concepts 
of the pathogenesis of hypertension. According to one 
of these, which we may designate as the monogenetic 
theory and which was advocated by Bright^ and his early 
followers, the increased peripheral resistance is primarily 
dependent on renal disease. This concept, once widely accepted, was 
challenged during the latter part of the last century by numerous writ- 
ers, including Mahomed,- Huchard^ and Allbutt."* The evidence for 
their contention was as follows: (a) Hypertension often exists in the 
absence of clinical evidence of renal disease; (b) Postmortem examina- 
tion of the kidneys of hypertensive persons frequently reveals only 
minimal evidence of renal disease; (c) hypertension may develop in the 
course of certain diseases of the endocrine glands or of the nervous 
system without evidence of any primary renal disorder. (The increase 
in blood pressure which sometimes sets in with diphtheritic paralysis and 
disappears with recovery constitutes a rare but pertinent example.) 

The evidence against the monogenetic (renal) theory therefore 
seemed conclusive and an alternative concept developed. According to 
this, the polygenetic theory, hypertension was of at least two types: 
renal; and “essential” — this latter term implying non-renal, cause 
unknown. 

In recent years, attempts have been made to subdivide essential 
hypertension into a large number of different types.®’ Such a separa- 
tion, insofar as it has been successful, has tended to cast further doubt 
on the validity of Bright’s monogenetic (renal) hypothesis. Anyone who 
bases his conclusion on the available clinical evidence alone must neces- 
sarily adopt the polygenetic theory. Such a point of view is, however, 
much too narrow. It is necessary that we survey all the evidence- 
experimental as well as clinical. Although temporary hypertension has 
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been caused in an occasional animal for many years, it is only M’ithin 
the past decade that it has been possible to induce with consistency a 
condition resembling chronic hypertension in man. The procedure of 
subtotal nephrectomy, employed successfully in rats by Chanutin and 
Ferris® in 1932, did not immediately lead to rapid advances because 
there M'^as no satisfactory method for repeated measurement of the blood 
pressure of such small animals. This difficulty has now been overcome.® 
However, it was the now classical M^ork of Goldblatt and his co-work- 
ers,^® begun in 1928 and published in 1934, which offered for the first 
time a readily reproducible and feasible method of producing chronic 
hypertension in the dog, and which indicated the importance of dis- 
ease of the renal blood vessels as a cause of hypertension. For technical 
reasons the method of subtotal nephrectomy has not been successful 
in dogs and the induction of renal ischemia has yielded unsatisfactory 
results in rats. Hence, the procedure of Page,“ wrapping the kidney 
in silk and production of perinephritis, which yields chronic hyperten- 
sion in both species, has been of great practical value. 

As the result of these newer studies, and more particularly because 
of the work of Goldblatt, attention has again been focused on the role 
of the kidney, and the polygenetic theory with its concept of “essen- 
tial” (non-renal) hypertension has been seriously challenged. Goldblatt 
showed that under certain conditions dogs with renal hypertension may 
present clinical and pathological findings analogous to those found in 
patients wth the so-called essential hypertension. Thus, the very foun- 
dation stones of the polygenetic theory were shaken. However, the 
e.vistence of hypertension clearly related to certain disorders of the ner- 
vous system and of the endocrine glands remains to be explained. 

Another important result of Goldblatt’s work was the demonstration 
that renal hypertension is independent of renal excretorj^- failure; the 
evidence being that renal hypertension could exist in the presence of 
normal chemical composition of the blood. Our own subsequent obser- 
vations confirmed this conclusion for w^e were able to show in dosrs 
that bilateral ureteral ligation caused hypertension, while bilateral ne- 
phrectomy did not. This conclusion, i.e., that renal hj’pertension is the 
result, not of retention products, but of the presence in the body of 
malfunctioning renal tissue was the starting point of all our subsequent 
studies. 
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The Renal Pressor Mechanism 

Denervation experiments seem to have demonstrated clearly that ex- 
perimental renal hypertension is not of reflex origin. In searching the 
literature for a clue as to some possible chemical factor we found that 
Tigerstedt and Bergmann^^ had described in 1898 a pressor substance 
of renal origin to which they gave the name “renin.” This substance 
had apparently been overlooked by most subsequent investigators but, 
following the publications of Harrison, Blalock and Mason,^^ and 
Friedman and Prinzmetal, interest in it was revived. During the past 
four years numerous studies concerned with this pressor substance have 
been made. Of these the most significant would seem to be those of the 
Indianapolis^^’ and Buenos Aires^^ groups. Their work indicates that 
renin interacts with blood serum to form a highly active pressor sub- 
stance (“angiotonin,” “hypertensin”) which is thought to be the effec- 
tive vasoconstrictor agent. Although the view that these renal pressor 
substances are concerned in renal hypertension forms the basis of a 
plausible theory in agreement with many known facts, there is also 
evidence against this view.^®’^*’ Regardless of this question, the only 
point which concerns us here is that studies on the renal pressor sub- 
stance first led to the concept of a renal anti-pressor mechanism. 

The Renal Anti-Pressor Substance 

The idea that the normal kidney might produce a substance which 
would be beneficial when administered to animals or patients with 
renal disease is not a new one, having been advanced as early as 1892 
by Brown-Sequard,"® and having been revived more recently by 
Gomez^^ in France and Jablons^^ in this country. Their concepts have 
not received general acceptance because these authors offered neither 
rational indirect evidence that such a substance should exist nor con- 
vincing direct evidence that such a substance did exist. 

In the case of our own work the original indirect evidence that a 
renal anti-pressor substance should exist was rather strong. It may be 
summarized as follows: 

I. Bilateral nephrectomy causes increased sensitivity to renin. The 
effect is not due, as Tigerstedt and Bergmann suggested, to lack of 
excretion because this increased sensitivity develops sloavly one or more 
days after removal of the kidneys,^® 
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2. The blood pressure of hypertensive rats declines during the latter 
part of pregnancy and rises after delivcr)^ Normal pregnant rats display 
diminished sensitivity to renin. These effects may conceivably arise 
from the fetal kidney.-' 

3. Crude (saline) e.xtracts of normal kidneys tend, on standing, to 
become less pressor; those from ischemic kidneys tend to become more 
pressor.-^' 

4. Crude renal e.xtracts containing renin produce progressively less 
pressor effect upon repeated injection. 

5. Senile rats are more sensitive to renin than young adult rats. 
One M'ould expect senility to be associated with deficiency rather than 
excess of incretor}'’ substances. 

# « * 

Although the evidence which has been mentioned suggests rather 
strongly that normal renal tissue exerts some type of anti-pressor action, 
it is of indirect nature and hence not entirely convincing. Furthermore, 
this evidence is, in part, based on the assumption that the renal pressor 
substance— renin— does in fact play a role in the genesis of renal hyper- 
tension. This assumption which is supported by some of our own ob- 
ser\^ations and very strongly supported by the obsen^ations of Page, et 
alii, is not regarded as entirely convincing by all the workers in this field, 
nor even by ourselves. Obviously, therefore, the further assumption 
of a renal anti-pressor substance could not be accepted on the basis of 
indirect evidence alone. Fortunately, direct evidence is now available. 
This was first presented by ourselves""’-^ -® and M^e were gratified when 
we learned that Page, Helmer, Kohlstaedt, Fonts, Kempf and Cor- 
coran"''’®'’ had arrived at similar conclusions, their w’ork having been 
performed independently and only shortly after ours. The obser\'ations 
have recently been further confirmed by Jensen, Corwin, Tolksdorf, 
Casey and Bamman.®' Further evidence along somewhat .similar lines 
has been presented by Braun-AIencndez, Fasciolo, Leloir and .Munoz,®® 
yfio found that extracts of yarious tissues caused enzymatic destruction 
of “hypertensin;” by Schroeder.®® who reported decline in blood pressure 
folloyfng the injection of n^rosinase; and by ^A’akerlin and Johnson,®^ 
who found that the blood pressure of dogs with renal hypertension 
could be reduced by the administration of renal extracts containing renin. 

"^®iTat. then, is the direct evidence for the cxi.stencc of a renal anti- 
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pressor substance? It consists in a demonstration that the blood pres- 
sure of animals with renal hypertension may be reduced by the admin- 
istration of an extract prepared from normal renal tissue. We have ob- 
tained this result in approximately one thousand rats and in about a 
score of dogs. In our first experiments the material was administered 
by injection but, after having discovered the effectiveness of the extract 
when given by mouth, we have employed the oral route almost ex- 
clusively. It is now generally recognized that a number of non-specific 
noxious substances derived from animal tissues may exert a depressor 
action when administered parentally. Probably some of the reductions 
in blood pressure observed by earlier investigators, using crude extracts 
of various tissues, are to be ascribed to such an action. None of these 
extracts of previous authors have been shown to produce decline in 
blood pressure when administered by mouth. Although oral admini- 
stration of our renal anti-pressor substance requires much greater quan- 
tities of the extract, it renders the results more convincing by reducing 
the likelihood of obtaining— from impure extracts— declines in blood 
pressure due to non-specific or toxic substances. 

One naturally wishes to know whether the extracts containing the 
renal anti-pressor substance are of any value in treating patients with 
hypertension. In Alay 1939, we reported two patients who had exhibited 
decline in blood pressure following the administration of such extracts.^® 
In June 1940, observations on five patients were presented.^® Since that 
time we have treated only four additional patients. (The number is small 
because of the expense and the technical difficulties involved in pre- 
paring the huge quantities of the extract required for human use.) Of 
these four patients one was in advanced uremic coma and died within 
a few days after treatment was instituted. The decline in blood pres- 
sure which this patient exhibited would probably have occurred as a 
terminal event in any case and no significance can be attached to it. 

A second patient received large amounts of an active extract orally 
but no decline in blood pressure occurred. Whether this negative result 
is to be ascribed to destruction in the gastrointestinal tract, to failure of 
absorption, or to refractoriness of certain types of hypertension to this 
form of therapy is uncertain. 

The third patient was a young man with glomerulonephritis who 
was carefully studied during several months in the hospital. On two 
separate occasions a moderate decline in blood pressure associated with 
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subjective improvement occurred following administration of renal ex- 
tract. The decline in blood pressure endured for two or three weeks 
after therapy was withdrawn. The blood pressure then gradually 
ascended to the original level and again declined when therapy was 
resumed and rose after the extract was discontinued. 

The results in the fourth patient seemed to be remarkable. This 
young man had a typical picture of subacute glomerulonephritis in the 
nephrotic stage. He had marked papilledema and was practically blind. 
During the oral administration of renal extract his albuminuria de- 
creased markedly, diuresis occurred, edema diminished and the blood 
pressure declined to a level only slightly above the normal. The vision 
improved rapidly so that he was able to read large print, whereas, pre- 
viously he could not even see fingers, much less count them. However, 
since his illness was of only three months duration it is possible that the 
improvement in this patient may have been coincidental. Such an inter- 
pretation may be favored by the fact that the improvement in this patient 
was still manifest several months after treatment was discontinued. Since, 
in this case one might conclude either that the improvement was entirely 
spontaneous ot that the extract was markedly beneficial, it is perhaps 
wisest to draw no conclusions. 

We ourselves do not regard our results on patients as being con- 
vincing. The technical difficulties are great, many pounds of kidneys 
are required daily in order to treat one patient; and there is even doubt 
as to whether the active principle is absorbed at all in some subjects. 
Since, in rats, the preparations seemed to be several times as active 
when injected, as when administered orally, we are devoting our atten- 
tion to the fractionation of the extract in an attempt to secure a potent 
nontoxic concentrate which can be injected without local or systemic 
reactions. Until this can be accomplished we prefer to draw no con- 
clusions concerning the possible value of renal extract in patients. 

The present status of the problem may perhaps be compared to that 
of the ovarian extract a dozen years ago. At that time the capacity of 
such extracts to produce physiological effects in small animals had been 
definitely demonstrated but the amount of the active principle present 
in the ovaries is so small that many years would have elapsed before the 
value of these preparations could have been demonstrated beyond ques- 
tion in patients, had not other sources been found from which the hor- 
mone was obtainable. 
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One would naturally 'wdsh to know whether these observations on 
the renal anti-pressor substance have any bearing on the general con- 
cepts of the genesis of hypertension. In this regard it may be empha- 
sized that apparently favorable results have been obtained both in pa- 
tients with “essential,” and in subjects Math renal hypertension. In view 
of this obsen^ation, as well as the others which have been mentioned, 
it may be justifiable to suggest that both the monogenetic theory and 
the polygenetic theories are partly true but that both are incomplete. 
Our present conception, which is still based largely on hypothesis, is il- 
lustrated in Figure i. 

There is some evidence, M^hich can not be regarded as conclusive, 
that experimental neurogenic hypertension (e.g., that resulting from 
carotid sinus denen'^ation or from intracisternal kaolin injection) is abol- 
ished by renal denervation and also that hypertension of this type may 
respond to the administration of the renal anti-pressor substance. It 
Avould therefore seem logical to infer that hypertension of neurogenic 
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origin, as obser\'^ed in patients, way be mediated through a renal mechan- 
ism. (Obviously, this concept refers only to chronic hypertension and 
not to temporar}^ elevation of blood pressure of nenmus origin.) 

The endocrine disorders associated with chronic hypertension are 
all characterized by the production of abnormal steroid compounds. 
Since it has been shown in experimental animals that many steroidal 
compounds exert a renotropic action and produce hypertension, it is 
not unreasonable to assume that the hypertension occurring in the endo- 
crine disorders cited in the diagram is mediated through the kidneys. 

Although the complete details of the mechanism of the chronic 
hypertension which results from primary affections of the kidney are 
still under discussion, few question its humoral basis and it is presum- 
ably brought about by a deficiency, either relatively or absolute, of 
the renal anti-pressor substance. Whether those disorders of the lower 
urinary tract which are sometimes associated with hypertension operate 
mechanically through effects on the renal blood vessels and parenchyma, 
or reflexly through a nervous mechanism analogous to that responsible 
for acute reflex anuria is still debatable. 

If one accepts the validity of the concepts which have been out- 
lined, it is possible to harmonize the monogenetic and the polygenetic 
theories of the pathogenesis of hypertension. It is quite possible that a 
number of separate primary disorders, whether of the nervous system, 
the endocrine glands, or of the kidneys, or of unknown origin, may 
all cause hypertension by acting on a fundamental renal mechanism. 

Summary 

The various theories which have been proposed to explain the patho- 
genesis of chronic hypertension in man are analyzed in the light of 
recent experimental findings in laboratory animals. The variety of cli- 
nical states which are associated with hypertension suggests a diversity 
in the mechanisms (polygenetic theory) responsible for hypertension. 
Recent experimental studies point strongly to the kidney as the site of 
the disorder (monogenetic theory), A schema is presented which at- 
tempts to harmonize these t\tm divergent viewpoints and which, al- 
though hypothetical in many respects, appears to be in accord with 
available data. 

Extracts of normal kidneys when administered to animals with ex- 
perimental renal hypertension cause decline in blood pressure. The 
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administration of such extracts to a few patients with either renal, or 
so-called “essential” hypertension, has been followed in certain instances 
by decline in blood pressure and by clinical improvement. The possi- 
bility that the changes observed in patients may have been of spontane- 
ous, rather than therapeutic, origin has not been completely excluded. 

* # * 


Although the results of the administration of renal extract to patients 
are perhaps of significance in regard to the mechanism of hypertension, 
they have no therapeutic importance at the present time. Until methods 
of obtaining a larger yield of the active principle and of producing 
purer extracts can be developed the results obtained with renal extract 
will be only of theoretical significance. 
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THE USE OF INSULIN IN ITS VARIOUS FORMS 
IN THE TREATA-IENT OF DIABETES* 

Elliott P. Joslin 

Medical Director, George F. Baker Clinic, New England Deaconess Hospital, Boston 

^HE use of insulin in its various forms in the treatment of 
diabetes is in its infancy. Insulin is not at all adequately 
appreciated and its application is not understood. The 
treatment of diabetes with insulin is still crude. To para- 

phrase Lukens' thought, we have constantly been trying 

to see how many diabetics we could treat without insulin rather than 
how many we could treat with it. What proportion of patients now 
secure its benefit, no one can say, but of the 14,153 diabetics registered 
in Berlin, according to Umber, ^ in 1940, the number using insulin was 
37 per cent. In our own hospital practice 87 per cent received insulin 
and in the office practice 80 per cent. Moreover, fev'^ of us, who thank 
God and Banting and Best for the discovery of insulin and daily watch 
its miraculous action with our patients and are prescribing it more and 
more, would claim that we are using it to the greatest advantage or in 
the best way. And now, just before I shock you, as I myself was shocked, 
by recounting the dreadful examples of the disuse or improper use of 
insulin, I would call to your attention, in partial apology for the medical 
profession, that great discoveries in medicine percolate slowly. Opposite 
the hill on which I write these words is Charlton, in Worcester County, 
where was born one Thomas Morton who held his ether cone at the 
Massachusetts General Hospital for the first time in 1846. Yet two gen- 
erations later in that same institution Harvey Cushing actually felt like 
giving up his medical career when the patient he was etherizing expired. 
The following recital is sombre, will be painful, but I believe should be 
said and I dare to do it because I report all my known diabetic deaths 
and strive to point out my own egregious mistakes. Do not be discour- 
aged. We learn from our errors, and if we honestly describe them, one 
needlessly dead patient may lead to the saving of thousands of lives. 

I repeat, insulin is not adequately used by the medical profession. A 


* Read October 2, 1941 at 


the Stated Meeting of The New Vork Academy of Medicine. 
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physician of national reputation in the Middle West wrote me recently 
that within a period of four weeks rhis summer he had treated four 
doctors each with diabetic coma. This has happened in the face of the 
fact that a few^ years ago with the help of the Metropolitan Life Insur- 
ance Company it Avas possible to state that diabetic doctors from a study 
of their subsequent course lived longer than diabetics as a whole and 
that among all patients the mortality from diabetic coma has dropped 
from 63.8 to 3.6 per cent. 

Upon one afternoon in September, 1941, three cases especially at- 
tracted my attention. The first concerned an inter\tiew ^^dth a friend of 
a diabetic child, living nearly two hundred miles away in a cit}^ of about 
50,000 population, whose glycosuria was said to be of little account 
despite the child’s hunger, loss of weight and strength. In the course of 
the consultation during my endeavor to see how I could cooperate with 
the doctor, the child’s friend produced a bottle of a well-known quack 
medicine with which the child had been treated. A week subsequently 
I saw the frail, crying child arrived in acidosis with 9.0 per cent glyco- 
suria, and this occurred nearly twenty years after the beginning of the 
use of insulin with human beings. That same afternoon another patient 
disturbed my equilibrium, because she was such a heavy weight for the 
modest elevator \vhich brings patients to my office. Some months before, 
she was given insulin and told to protect the insulin with orange juice. 
During the period her weight rose from 225 pounds to 275 pounds. The 
third instance was a woman in middle life whose urine showed 4 plus 
diacetic acid and 6 per cent sugar. She had been given insulin about five 
Aveeks before, but the doctor, instead of instructing the patient, admin- 
istered it himself twdce a da}'-, then died, leaving her Avithout a knowledge 
of taking insulin. 

During 1941 there have been at least eight deaths among our sup- 
posedly twelve hundred living patients with onset in childhood. Of these 
deaths at least two appear to me to have taken place because of hypo- 
gfimemia unrecognized and insufficiently treated. 

Have I not told enough to demonstrate that the treatment of dia- 
betes with insulin is in its infancy and that the use of insulin is inade- 
quate and not understood? Let us now turn to a brighter picture. 

The proof of the usefulness of insulin is best shov’^n by the better 
maintenance of nutrition by diabetic children. It is so good, in fact, 
that their identit}^ among their comrades is concealed. As a corollan^ to 
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Chart I — Nothing interferes with the increase in the distribution of 
insulin. {Courtesy, C. H. Best.) 

this is their greater resistance to disease, not only to the chronic infec- 
tions like tuberculosis, but to the acute infections and those requiring 
surgical inten’’ention. By no means are these effects confined to children. 
The ability to bear the brunt of another disease running concurrently 
A>iath diabetes is obvious to all. Whether neuritis and certain other com- 
plications are more frequent or less frequent is concealed by the longer 
duration of the disease and consequent longer exposure of the individual. 
Arteriosclerosis has ceased to appear as a rule at the end of five years, 
although it ranks first as the cause of death in diabetes. 

Bodily efficiency and ability to work have increased so much since 
the use of insulin that the morale of the diabetic is completely changed. 

The value of insulin is acclaimed by the uninterrupted increase in 
sales of the drug. So far, nothing has interfered with this upward 
tendency. Despite the subcutaneous method of administration which 
makes so many apprehensive and delays its employment, there is an 
increasing readiness to use and inject it. 

The efficiency of treatment and the standardization of the disease 
are more readily accomplished Mutli the aid of insulin than in any other 
manner. It is far simpler today to compare results of different methods 
of treatment, thanks to insulin. 
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The diffusion of knowledge of the physiology and the patholog)'' 
of diabetes has greatly expanded since the introduction of insulin and 
constitutes one of the long range benefits from its discovery. It has 
raised the platform of knowledge of diabetes and metabolic processes 
in the body in the minds of millions of people. It has created respect for 
scientific work in laboratories such as perhaps no other achievement. 

I will not burden you with statistical evidence showing the improve- 
ment of treatment of the disease save for a few examples. The first group 
of these is made up of the 83 cases who were the first to receive insulin 
at our hands. Of them 50 have died, and the average duration of life of 
these fatal cases was 10.3 years. Thirty-three still remain alive and the 
average duration that they have attained is 20.7 years. Since the previous 
computation one year ago there have been no deaths. 

The second group. Fifty of our diabetics under the age of 40 years 
with a duration of the disease of at least five years were studied in 1930 
intensively by H. C. Shepardson of San Francisco. Of this group, 12 
have died and their duration of life has been 13.3 years. The duration 
of life of the sundving 38 on the average is 19.8 years. During this last 
year there have been no deaths. 

The third group. Diabetes with onset in childhood of twenty or 
more years’ duration. At present there are sixty-nt^o children eligible 
for this classification. Of this number two have died after a duration of 
the disease of twenty years and the causes of death have been coma and 
streptococcus sepsis. Of the remainder, we have thus far definite infor- 
mation that 59 are living in 1941 and have reason to suspect that the 
one untraced also is alive, because they were all traced in 1940. It is 
very much more difficult to trace a diabetic child no\v than formerly, 
particularly those vdth such long duration, and obviously the girls be- 
cause so often names are changed. 

The fourth group. The total number of fatal cases between January 
I, 1937 and March 29, 1940 which we chance to know was 927. For 
these the average duration of life was 12.5 years. Prior to the discover^' 
of insulin my patients lived 6 years and their age at death was 46.7 years 
instead of 64.8 ending in 1940. The life expectancy for a ten-year-old 
diabetic child as calculated for me by the Metropolitan Life Insurance 
Company was such that he would reach his fiftieth birthday and, in fact, 
for all ages v^as approximately rwo-thirds that of the population as a 
whole. The number of patients now living for 1 2 or more years is so 



large that it obviously makes the computation of statistics unusually 
difficult, because of change of residence or name. 

Statistics relating to pregnancy are striking. To the mother preg- 
nancy carries very little greater mortality than for non-diabetics. For 
the offspring, under most modern conditions of treatment, the viability 
is about 90 per cent for those whose mothers have had prolan determi- 
nations which were normal or if abnormal were corrected by hormones. 

Diabetic mortality statistics I fear may grow less accurate as years 
advance. This is readily explainable because so many of the patients 
succumb to diseases which are not definitely related to diabetes and thus 
the diabetes fails to appear on the death certificate and also because the 
disease diabetes is so mild at death that it may not claim recognition at 
all, even by the family physician. Thus far, the incidence of diabetes 
has been almost steadily rising, and from twenty-seventh as the cause of 
death in 1900 for the United States it was ninth in 1938, but in 1939 
became eighth wdth the prospect of displacing both pneumonia and 
tuberculosis in the near future. It would then become sixth as the cause 
of death and only exceeded by cancer, arteriosclerosis in its various 
sites, and deaths by violence. Plainly, diabetic statistics in the future must 
depend upon those of private clinics, and those especially sought by 
detailed investigation. Insurance companies could help to disclose the 
knowledge of the causes of death of diabetics perhaps more readily than 
is possible in any other way than those just cited. I fear that we may 
become blinded to the growing importance of the disease by a halt in 
its mortality incidence. Thus, in the seventh month of 1940 the death 
rate from diabetes among the Metropolitan Life Insurance Company 
policy holders in their industrial departments was 3o.z per 100,000, but 
in 1941, 29.3 per roo,ooo. I confess I shall become skeptical about the 
accuracy of diabetic statistics if the incidence does not go up. My ex- 
perience in comparing the reputed incidence of diabetes in Arizona 
with that in Rhode Island^ taught me that although in one state the 
reported incidence is 10 compared with 42 per 100,000 in the other, I 
was able to satisfy myself by detailed investigation that the actual mor- 
tality rate in the mo states was approximately the same, if one made 
allowances for age and sex of the inhabitants on the one hand and the 

ability to secure data from them on the other. 

And right here may I put in a plea for more autopsies, or rather 
published records and analyses of autopsies of diabetics. Shields War- 



liisnlhi—ln the Treatment of Diabetes 


205 


rcn'‘ in the second edition of his book bases his studies upon 486 
autopsies. A\''eichselbaum'’ in 1901 reported 18 cases. Gibb and Logan”’ 
in 1929 reported 147 autopsies. When we recollect that in 1938, 31,037 
people died uath diabetes in the United States and in 1939, 33*395, tke 
paucity of data upon u'^hich to base conclusions upon the patholog)^ of 
the disease is evident. How many autopsies were reported, and analyzed, 
upon diabetics in New York City in 1940? The new American Diabetes 
Association and its subsidiaries can be of great service in collecting 
data of this type. 

Regular Insnlin. Until the present, most of the advantages of the 
treatment of diabetes with insulin can be ascribed to regular insulin. 
Protamine insulin came into use during 1936, but since that date the 
average age at death of my patients has advanced only from 63.6 to 
64.8 years, and the duration of the disease from 12.1 to 12.5 years end- 
ing March, 1940. There are certain exceptions to the above statements. 
It is true coma has dropped still further, but it was already low. 

Regular insulin exerts an action for six hours, and save with those 
patients whose disease is so mild that the blood sugar falls to normal 
during the night it is necessary to give four doses in twenty-four hours 
to control it. Boyd® has shown that even hepatomegaly could be obvi- 
ated if such a general rule was followed. If only one type of insulin was 
available one would choose regular insulin, or rather its counterpart, 
crystalline insulin, which apparently acts just the same only for about 
an hour longer. If one wished adequate control of the disease, save in 
those mild cases becoming sugar-free during the night, the largest dose 
would be given before breakfast and attempts made by rearrangement 
of the diet to avoid a dose at noon, the second injection before the eve- 
ning meal, and the third tov^ard midnight, consisting of a few units vary- 
ing with the urinaty tests. Each dose omitted, even that at noon would 
mean that doctor and patient were contented with a passing mark and 
vTre not striving for a Phi Beta Kappa key or, better, perfection. Perhaps 
24-0-18-2 would represent the dosage which has generally been used by 
those physicians almost meticulous in the care of their patients, but for 
complete protection a slight amount at noon would be generally needed. 

In diabetic coma the need is for insulin, and the dosage rises the 
longer the duration of the coma before treatment begins and the greater 
the severity of the acidosis. The sky is literally the limit, and just because 
one does not recover with 500 or 1000 units is no excuse for not admin- 
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istering 1500 or 2000 units if the case warrants. The need in coma for 
liquids to combat dehydration stands next to the need for insulin, and 
this, too, varies widely from an average of 2000 cubic centimeters to the 
exceptional patient who recovered with i r,ooo. We never have had rea- 
son to fear circulatory collapse following the parenteral administration 
of insulin. 

By no means is the short duration of the action of regular or crystal- 
line insulin its only drawback. As a matter of fact, at least for approxi- 
mately half of its effective period, it is over- or underactive, because a 
preliminary time is required for it to exert an adequate effect and later 
despite careful adjustment of food with the insulin, hypoglycemia can 
easily result. 

The disagreeable qualities of any insulin are included in the action 
of regular insulin. First and foremost come insulin reactions. In not a 
single instance since the introduction of insulin on August 7, 1922 have 
we known of a death clearly due to hypoglycemia in a patient treated 
with insulin who was already in, or brought into the New England 
Deaconess Hospital, One unconscious patient was admitted. He re- 
mained unconscious for days and finally died, but we are still in 
doubt after the autopsy as to whether that patient died from hypo- 
glycemia, On the other hand, insulin reactions certainly are respon- 
sible for more deaths from diabetes than are recorded on death 
certificates. This is not because there is falsification of the death cer- 
tificate, but rather due to an error on the part of a physician. In a recent 
article in the Medical Clinics of North America, I have discussed this 
in detail. My experience has led me to conclude that if recovery during 
a possible insulin reaction does not occur within 15 minutes the patient 
should be taken to a hospital unless facilities for tests of the blood are 

available in the immediate vicinity. 

The difficulty in distinguishing benveen an insulin reaction which 
has gone on for an indefinite time and late diabetic coma is very great. 
In that same article four or five needless deaths from hypoglycemia are 
described. It is a safe assumption that no insulin can be invented which 
will not lead to an insulin reaction provided exercise is unusual and diet 
omitted. Insulin atrophies occur with regular insulin and with protamine 
zinc insulin with uncertain frequency. Whether they will develop with 
the other types of insulin, one can tell only when a large number of 
cases have been treated with these. Notable insulin atrophies occur per- 
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liaps in one in a hundred or even one in Bft}’- cases and still more fre- 
quently in children. Consequently, one must have experience with sev- 
eral hundred, indeed several thousand cases with the newer types of 
insulin before a conclusion can be drawn regarding the same. Insulin 
indurations or lumps depend almost entirely upon neglect to follow the 
standard rules for treatment, namely, to distribute the dose of insulin 
over various sections of the body and never to administer tv^^o injections 
M'ithin an inch of each other in the course of a month. 

Instilin Sensitivity. Unquestionably I think it can be said that insulin 
sensitivity is somewhat less with crystalline insulin than with regular 
insulin. Whether it will be entirely absent with the other types of in- 
sulin to be discussed later will depend upon the accumulation of hun- 
dreds or thousands of cases. At any rate, in the last few months we have 
been less concerned about insulin sensitivity, because apparently one 
can relieve the severe forms of it very simply by beginning with injec- 
tions of i/iooo part of a unit and increasing by i /looo of a unit at each 
injection, four times a day. As a rule, after 24 hours it will be found that 
the rate of increase can be accelerated so that Muthin two or three days it 
is possible to give several units. During this interval of waiting, one treats 
the patient as in the days before insulin was discovered by lessening the 
need for calories by rest, by curtailing nutrition through decrease of fat, 
reduction of protein to a gram or 54 of a gram per kilogram body 
weight and lowering carbohydrate, at least to 100 grams in 24 hours. 

The outstanding effects of regular insulin are shown best of all in 
the decrease of deaths from coma by prevention or actual cure and, 
second, by the lengthening lives of diabetics with onset in childhood. 

Crystalline insulin is a solution of zinc insulin crystals. Its action is 
essentially the same as that of regular insulin with one exception, namely, 
the duration of the effect is about one hour longer. The type of reaction 
is essentially the same as that caused by regular insulin. Insulin atrophies 
can occur. Insulin induration will develop in the careless patient. Insulin 
sensiti\dty likewise appears although possibly a trifle less than with 
regular insulin. It can be overcome by the same measures as recom- 
mended above. To me, the effects of ctystalline can be summed up in 
the words that it is a purer drug than regular insulin, has all the advan- 
tages of the former M'ith somewhat less of its disadvantages, costs no 
more and with the same frequency of doses a patient can be controlled 
for an additional three hours in the 24 hours. 
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Protamine Insulin and Protamine Xinc Insulin. Hagedorn revolu- 
tionized the treatment of diabetes when he added protamine to insulin 
and thereby doubled the duration of its action. This was quickly 
changed by Scott, who, by the addition of zinc doubled again the action 
of protamine insulin, prolonging its effect for fully 24 and possibly even 
to 48 hours. At any rate. Marble and Bailey found that satisfactory tests 
could not be undertaken with a new type of insulin until protamine 
zinc insulin had been omitted for that period. Protamine zinc insulin 


reduced the number of injections for the patient, made treatment safer, 
simpler and more agreeable, encouraged more doctors to give it and 
patients to begin it, kept the disease under control for a longer period, 
and in cases of moderate severity one dose a day has been sufficient. 
The overlapping effect from day to day of protamine zinc insulin and 
the necessity of taking a few days’ time to transfer a patient from 
crystalline insulin to it I consider of no importance. Two or three days 
will not count in the length of a diabetic patient’s life today. Further- 
more, most of us today begin treatment with protamine zinc insulin and 

therefore there is no time lost in the transfer. 

Protamine zinc insulin acts while you sleep and that is not a disad- 
vantage if a patient understands it and guards against it by a supple- 
mentary meal on retiring. Certain patients do not need this. It is par- 
ticularly adaptable to severe diabetics who day and night show glyco- 
suria from endogenous metabolism. Protamine zinc insulin, therefore, 
with quick-acting crystalline insulin administered before break ast to 
help utilize the food consumed, gives us a method for ^ ^ 

severest diabetics and I do not worry about its application to the milder. 
As a matter of fact, among three hundred hospital diabetics treated m 
succession in .938. for whom McDaniel of our clinic compiled for me 
the intake of insulin, it was found that .0 per cent required no msuhn 
whatever, 39 P- cent were regulated with an 

of protamine zinc insulin, whereas 50 per cent required both c y^altoe 
and protamine zinc insulin before breakfast, .3 umts “f 
,9 units of protamine.’ Reading the very excellent article by Marks 
which appeal in the UedM Clinics of North Atner.ca of May 1940. 
one can^ learn how in perhaps considerably more than our 39 p 
nt it is nossible by adjustment of diet to regulate the patient with 
a single dose of protamine zinc insulin. I commend this article to your 
arntion On the other hand, I must say that of the cases cited with 
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successful treatment with a single dose, not one was a child, and we 
have found that with our children it was practically always necessary 
to give a quick-acting insulin along with the protamine zinc insulin. 

Adjustment of the diet of the insulin-using patient is desirable. Prac- 
tically all our patients for years have had approximately carbohydrate 
one-fifth for breakfast, two-fifths at noon and two-fifths at night, taking 
away 5 or lo grams of carbohydrate from their noon or night meal to 
use between meals or upon retiring. This was for those cases in which 
it seemed likely that a low blood sugar would arise during the night. 
We have taken advantage of Pollack’s advice and given more protein 
with that retiring meal. 

Protamine zinc insulin is V'ell adapted for use during infections, and 
at the time of surgical operations. One does not attempt to control the 
entire disease with protamine zinc insulin on such occasions, but in 
protamine zinc insulin one exerts a steady, partial control of it and can 
supplement it with quick-acting insulin ever)’- four or six hours accord- 
ing to tests of the urine. 

Since the introduction of protamine zinc insulin it is a fact that we 
have given up our wandering diabetic nurse, going from home to home, 
because we no longer needed her. Already I have called attention to the 
lessening number of patients with diabetic coma. Furthermore, those 
patients who do develop coma develop it because of gross irregularity 
for which protamine zinc insulin could in no way be held responsible. 
The disappearance of hepatomegaly was striking. iMarble, White and 
all our group felt almost sorr)'^ that we did not have a chance to try 
lipocaic, because when protamine zinc insulin was introduced, the large 
livers of our children right under our fingers and eyes by x-ray went 
back to normal. Dwarfism in diabetes is now a ver}'’, ver\'’ rare occur- 
rence. Of course this may be due in part to the more liberal diets which 
we give, stimulated in their use by reports from clinics in Vienna, Cali- 
fornia and your own Geyelin. 

A word more about office treatment. Today it is extremely difficult 
to secure an adequate number of beds at the hospital for our diabetic 
patients. The number, therefore, treated in the office of necessity has 
dcfinitclv increased. Willingness to do this is largely due to a feeling of 
greater safety, as well as ease of administration, of protamine zinc insulin. 

From all these favorable remarks about protamine zinc insulin, you 
might infer that I do not realize its disadvantages. It is unfortunate that 
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protamine zinc insulin is a cloudy mixture. To me it is extraordinary 
that protamine zinc insulin works as well as it does when one considers 
that unless the bottle is manipulated in exactly the same way for exactly 
the same number of seconds and the insulin withdrawn in the same 
period of time, one must have variation in the actual content of the 
mixture injected. Any type of insulin which depends upon the injection 
of solid particles in suspension in a liquid admits of improvement. The 
second objection is the considerable number of patients who show local- 
ized reactions lasting from a few days to a few weeks following its use. 
Almost invariably these will disappear if one persists in treatment, but 
I have seen c&ses in which we have changed from one type of prota- 
mine zinc insulin to another and, I think, in one instance have given it 
up and returned to a quick-acting insulin. A third disadvantage of 
protamine zinc insulin is its slow action which does not allow it to 
utilize the carbohydrate at breakfast even if that contains but one-fifth 
of the carbohydrate for the day. As mentioned, it was efficacious for 39 
per cent of our patients, but in approximately one-half it was not. It is 
because of these three disadvantages of protamine zinc insulin that we 
welcomed the opportunity and felt deeply honored that the Eli Lilly 
Company and Burroughs Wellcome and Company invited us at the 
George F. Baker Clinic to test simultaneously, using the same standard- 
ized patients for a background, clear protamine zinc insulin, histone 
insulin and globin insulin. You will at once recognize, as did we, the 
high motives which actuated the action of these two manufacturing 
concerns and the standard thus set for other therapeutic investigations, 
and I trust the authorities in Washington will take cognizance of it. 

This work has been carried out during the last nine months under 
the supervision of Alexander Alarble and C. Cabell Bailey at the George 
F. Baker Clinic at the New England Deaconess Hospital. It would be 
wrong, even if there was the time, for me to give the details of their 
work, because it is their work and not mine, and although completed, 
not yet published. Naturally I have been conversant with it because it 
has gone on under my eyes, but it is to them and them alone that I am 
indebted for the privilege of calling your attention to certain conclusions 
which they reached and how they reached them. I hope you realize my 
obligation to the manufacturers of these new insulins, as well as to other 

recent investigators. _ 

Experience gained by Marble in his study with Vartiainen of the 
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relative merits of regular and crystalline insulin in 1939'’ M'as most help- 
ful, and many of the methods then followed were employed. In general 
the conclusions of Alarble and Bailev have been confirmatory of the 
reports hitherto published. 

Three methods of procedure were adopted, first an intensive study 
of five volunteer patients, four males ages 19 to 32 years and one female 
age 47, to whom we all are greatly indebted. They remained in the hos- 
pital solely for the investigation for consecutive periods of 74 to 132 
days. All had had diabetes for ten or more years, save one for 9.3 years. 
The diet for each patient was constant throughout, the carbohydrate 
ranging from 152 to 211 grams. The urine was tested qualitatively seven 
times daily and the sugar and nitrogen quantitated in the 24-hour quan- 
tity. Five blood sugar tests were made each day. Each type of insulin 
was employed from 7 to 32 days with each patient. 

Two types of experiments were made with each of these five pa- 
tients. Of these, the first was an estimation of the action of the special 
insulin under study during a day of fasting, begun with a subcutaneous 
injection of 0.15 to 0.2 unit per kilogram body weight, or 7 to 1 1 units. 
Upon these days blood sugar tests were made at 8 a.m. and half an hour 
later, and thereafter from 9 a.m. onwards hourly until midnight and again 
at 8 A..M. the following morning. In all, ten such fast days w'ere made with 
histone zinc insulin, ten with globin zinc insulin, nine with clear prota- 
mine zinc insulin, six with crystalline insulin and four with turbid prota- 
mine zinc insulin, invariably using insulins of U-80 strength. 

The other type of experiment with these five hospital patients was 
the obser\-ation of the effect of the various insulins over a period of days. 

The second major plan of investigation was with twentv-one hos- 
pital patients upon whom the effect of the various insulins was watched 
over considerable periods. 

Tlie third group consisted of patients who continued, in their homes, 
the use of the various insulins M’hich they had begun in hospital. 

Histone insulin is insulin to which histone, a simple protein obtained 
from the thymus, is added. It was first described by Biasotti and co- 
workers,^” and later by Gray, Bischoff and Sansum,” and most recently 
by Barnes. Cuttle and Duncan.^- who used a preparation made by the 
Eli Lilly Company to which zinc had been added. The last group ob- 
tained better results with it than with regular insulin or protamine zinc 
insulin. It was furnished us by the Eli Lilly Company. It is a turbid insulin 
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pH 7±:, the added protein is 3.2 mg. and the zinc content is 0.2 mg. per 
100 units. 

Globin insulin, first prepared by Reiner, Searle and Lang,^^ consists 
of insulin to which a simple protein globin, made from red blood cor- 
puscles of beef blood from which the iron containing fraction has been 
removed, is added. Its action was described to be more than twice that 
of regular insulin, giving results appro.ximating or even better than prota- 
mine zinc insulin. It has been extensively studied and reported upon in 
publications by Bauman,^'* and also by Andrews and Groat.^'’ It is a clear 
insulin, pH 3.7, the added protein is 3.75 mg. and the zinc 0.31 mg. per 
100 units. This was furnished us through the kindness of Burroughs 
Wellcome and Company. 

Clear protamine zinc insulin was also furnished us by the Eli Lilly 
Company, first, in fact, some four years ago. It has salmon sperm as the 
source of the protein, a pH of 3-3 — 3-5 added protein is 3.8 and 

the zinc 0.31 mg. per 100 units, and more glycerin than in turbid prota- 
mine zinc insulin. 

A. Fasting Tests. Histone zinc insulin was given on two occasions 
each to five patients at 9 a.m. who had gone without food since the 
previous evening and who continued to fast for the following 23 hours. 
From the composite curve of the ten experiments it is evident that the 
effect began in half an hour, produced within two hours an initial fa 
of the blood sugar of 45 mg., possibly due to soluble insulin in t e 
mixture, which continued with lessening force up to, at least, 15 hours, 

but with some effect still persisting at 24 hours. 

Globin zinc insulin. The composite also of ten fasting day experi- 
ments showed that the effect began in one hour the fall in blood ^gar 
being rapid until the eighth to tenth hours and then more pdual until, 
M leit, die fifteenth hour, followed by a slight but definite rise at 23 

'““Sear protamine zinc insulin, like globin insulin, began “ 

hour reaching the lowest blood sugar level in ten to eleven hours and 

!hen remained'constant until the thirteenth hour and thereafter showed a 

definite rise up to Uine, turbid protamine 

zinc insulin and histone zinc insulin published by Barnes, Cu 

Duncan. 


r Mlintenance Tests. A single dose of the respective insulin to 


be 
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Studied, often replacing two injections of crj'^stalline and protamine 
/.inc insulins, M'as "iven four of the five volunteer patients daily for 7 
days and the customar)' 7 specimens of urine and 5 samples for blood 
sugar analyzed daily. Under less carefully controlled conditions other 
ho.spital patients were studied: nine with histone, seyen with globin and 
a similar number with clear protamine zinc insulin. 

Histone Zinc Imsulin— .Maintenance Tests. With this insulin the dia- 
betes was well controlled. The fasting blood sugars were normal. There 
was a slight rise in blood sugar between 7 and 1 1 .a..m., followed by a 
further rise between 1 1 .\..m. and 2 p..m.; thereupon it fell until 5 p..m.. 
rising again until 10 p..m. and then falling during the night. A bedtime 
lunch was given in all cases. 

The maintenance tests with globin insulin indicated the need for 
three meals and an afternoon instead of a bedtime lunch. Tlie fasting 
blood sugar values were usually normal. Between 7 and 1 1 a.m.. the 
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blood sugar rose on the average 90 mg., between 1 1 and 2 it rose or fell 
slightly and between 2 and 5 it fell moderately (av. 27 mg.) or greatly 
(av. 140 mg.), depending upon whether a mid-afternoon lunch was 
given the patient, followed by a slight fall until 10 p.m. and the next 
morning usually a normal blood sugar. 

In the maintenance tests with clear protamine zinc insulin, the fast- 
ing blood sugar was usually high, indicating a lack of sufficient action for 
24 hours. The blood sugar rose between 7 and ii, which possibly might 


have been partly avoided if the insulin had been given at a longer in- 
terval before breakfast. It fell between 1 1 a.m. and 2 p.m. with an aver- 
age fall of 38 mg. The fall between 2 and 5 p.m. depended upon whether 
a mid-aftemoon lunch was given and was comparable to that of globin. 
The blood sugar remained constant between 5 and 10 p.m., tending to 
rise during the night. For good results an afternoon lunch was re- 
quired, but a night lunch was not needed, and, indeed, was prejudicial 
to good effect. In general, regulation was difficult. 

In maintenance tests with turbid protamine zinc insulin, the fasting 
blood sugars were always normal, an evening lunch usually being re- 
quired, From 7 A.M. to 1 1 a.m. and 1 1 a.m. to 2 p.m,, there was a contin- 
ued rise of the blood sugar; thereupon a fall of an average of 67 mg. until 

5 p.m. and a lesser fall in blood sugar up to 10 p.m. 

C Clinical Trials. With histone zinc insulin these resulted favorably 
with the seven esses tested, especially with the two children, n months 
and a years old respectively. The other live cases averaged 22 years 
of age. This favorable action is especially notewonhy, because the his- 
tone cases (barring the two infants) averaged 22 years of age as com- 
pared with the globin cases who averaged 41 , 

Le zinc insulin cases who averaged 37 years However, as much as 
would like to do so, I must caution against drawing too favorable 
conclusion from the excellent action of histone zinc 
injections of both crystalline and protaimne ““^"2 
vonntr children 1 1 months and 2 years old respectively. Young children 
with diabetes of short duration often have low blood sugar values ea y 

“ nobta zinc insulin worked still better in the clinical trials in the 

h snW cases and in the patients’ homes than with the five special 
2, hospital y , afternoon lunch was given. 
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ncrion, avoided later by a bedtime lunch. Globin insulin did not act 
favorably with one child of 21 months. Attention has been called to the 
average age of the globin parients being 41 years, thus conforming 
to the ideas of others who have worked with it, that it is c.spcciaily of 
value M’ith patients of middle age or older, i.c., with diabetes of moderate 
rather than e.xtreme severit}’. 

Clear protamine zinc insulin did not act as favorably in clinical 
trials as histone or globin insulin. The average age of the patients tested 
was 37 years. However, it should be said that four patients have been 
maintained upon it successfully since 1937. 

Conclusions 

For these I alone am responsible. If restricted to the use of a single 
insulin I would choose crj'^stalline insulin, because it is the purest of 
all the type.s, is a clear insulin, acts promptly and therefore is indis- 
pensable in diabetic coma and can be given frequently enough and in 
sufficiently variable doses to control any type of diabetes throughout the 
twenty-four hours. 

Next to it I would place protamine zinc insulin, because it acts so 
long that it is a constant protection for the patient against the vicissi- 
tudes of life. That one day’s dose overlaps another for one or possibly 
two days is advantageous. iMorcover, in about 40 per cent of the 
patients one daily dose before breakfast controls the disease and this 
percentage could probably be raised with careful adiu.stment of diet. 
Histone, globin and clear protamine zinc insulins have certain advan- 
tages over protamine zinc insulin, but not as yet sufficient to displace it. 

Histone insulin combines to some extent the prompt action of ctys- 
talline with the prolonged action of protamine zinc insulin so that in 
an increasing number of cases one dose of it will replace the injection 
of ctystalline insulin so often ncce.ssarv to supplement protamine zinc 
insulin. It is possible it will sen'e in this way in very young children. 
Histone insulin causes few reactions and so far no allerffic local phe- 
nomena have been reported. It has the fault of being a turbid insulin 
with the possibility of uneven distribution of the insulin precipitate, 
particularly in higher concentrations. 

Globin zinc insulin is a clear insulin, produces so far as reported no 
allergic reactions, acts less promptly than ctystallinc and a little less 
promptly than histone insulin, but much more promptly than protamine 
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zinc insulin, and if an afternoon lunch is given, causes few reactions. 
Its effect lasts for about twenty -four hours. 

Clear protamine zinc insulin is similar in action to globin insulin, 
but so far in our hands is not so uniform in action as globin insulin or 
as the other insulins. 

In my opinion, a single dose of histone or globin insulin will control 
rather more diabetics than a single dose of protamine zinc insulin, but 
the difference is as yet so slight and the possibilities so good for over- 
coming the turbidity of histone insulin and the delayed action of both 
histone and globin, particularly globin, that it would seem definitely 
inadvisable to complicate the treatment of diabetes by introducing either 
upon the market in their present state. I think we have the right to 
expect that an insulin superior to protamine zinc insulin will be avail- 
able to diabetics at some time in the future. In the meantime, both 
doctors and patients should more assiduously strive to control diabems 
by better adjustments between exercise, diet and the excellent insulins 

now available. 
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P5?S2SH5H5H5H.^£i.oRii insulin was available conception was rare and when 
S S it did occur, there was a marked fatality in both mother 

S IB S childd Since the introduction of insulin the mater- 
E a nal hazards have diminished a great deal but the fetal 

D£SHSHSZSHS£Sa mortality continues high. ,Mea.sures are not e.xhausted 
that may lead to the solution of the present problem without recourse 
to riskv or complicated procedures, that are much in vogue at the pres- 
ent time, such as cesarean section or endocrine therapy. Two possi- 
bilities that promise much have not received full con.sidcration tlnis far 
in the management of pregnancy in diabetic women. These arc: careful 
control of diabetes from the beginning of pregnancy and during its 
entire course, and, the effect of protamine zinc insulin in contr.ast to that 
of the unmodified, or regular insulin. AMien these nvo means of treat- 
ment will be completely worked up and applied, it may be that most, 
if not all, of the complications occurring in diabetes pregnancies will be 
set aside. 


The relation of diabetes mellitus to pregnancy will be discussed 
under three hcadimis; 

1 . Effect of pregnancy on carbohydrate metabolism. 

:. Effect of diabetes upon the pregnant woman. 

3 . Effect of diabetes upon the fetus and the newborn infant. 


En-f'Cr OF Pkegnaxcv ox Gxrhohyduate .Metaholis.m 
Rcii,7l glycosuria 

A lowered renal threshold to the blood sugar commonly occurs dur- 
ing pregnancy. This consLsrs of a leakage of sugar in the urine while the 
utilization of glucose within the body takes place in normal fashion. 
In itself, it is a harmless anomaly unless the glycosuria becomes intense, 
when through lo.ss of large quantities of .sugar it may induce acidosis 
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and, consequently, give trouble. However, this is a very rare event and 
is one of the curiosities in medical or obstetrical practice. When renal 
glycosuria complicates a true diabetes, it may add serious difficulties in 
the control of the diabetes because of the loss of an exceedingly large 
amount of sugar in the urine. Under such circumstances the best has 
to be made of the situation and the blood sugar kept at as low a level 
as possible without causing hypoglycemic reactions. The aim in man- 
aging such a dilemma is that enough glucose will be metabolized to 
maintain normal nutrition regardless of the amount of sugar lost in the 
urine. This can usually be accomplished with careful supervision and 
regulation. 

The differential diagnosis between renal glycosuria and diabetes may 
be somewhat difficult, but usually the existence of glycosuria while the 
blood sugar is at a level of ryo mg. per loo cc. or less, justifies the 
diagnosis of renal glycosuria. Glucose tolerance tests may be misleading 
since in many cases diabetes and renal glycosuria co-exist. However, if 
the glucose tolerance is normal' then the glycosuria may be taken to 
indicate that renal glycosuria alone is at fault and that diabetes is not 

present. 


07iset of diabetes during pregncmcy 

This has been reported frequently. Williams^ reports 9 women in 
whom the first symptoms of diabetes developed after conception; Her- 
rick and Tillman" found that in their 67 cases of diabetes complicating 
pregnancy, 1 5 began during pregnancy. Wilder* notes that cases of true 
Lere diabetes arise in pregnancy. These and s,m.lar finings mean that 
the strain of pregnancy may change a latent diabetes into an active one. 


Clinical course of diabetes in prepiancy 

As a rule there is an exacerbation of diabetes throughout pregnancy, 

nancy upon diabetes, b individual case. Unpredictable van- 

f ao occur and may be of vita, con- 
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sequence not only to the expectant mother but especially to the fetus. 
Therefore, it is \\'orth making an analysis of reports on the clinical 
course of diabetes in the first, second and third trimesters, during labor, 
and after delivery. 

First trimester. During this period carbohydrate tolerance is likely to 
be decreased according to Herrick and Tillman.^ A progressive de- 
crease in carbohydrate tolerance during the entire pregnancy has been 
noted by Allen® and by Hurwitz and Irving.® 

Second trimester. During this period there is, as a rule, little change. In 
some cases there is an abrupt decrease in carbohydrate tolerance and 
a corresponding sudden increase in insulin requirement. This was noted 
in 3 cases by Herrick and TiUman® and was found by Hurwitz and 
Irving® at about the fifth month. These sudden shifts in the severity of 
the diabetes must be met promptly if harm shall not come to both mother 
and fetus. Consequently, Herrick and Tillman® give the sound advice 
that during the second trimester the cases should be checked every 7 
to 10 days. 

Third trimester. Insulin requirements may diminish during the last 
trimester. The supposition is that the pancreas of the fetus supplies some 
insulin at this time, supplanting to a certain extent that furnished by 
the mother. On the other hand, Allen® finds that carbohydrate tolerance 
diminishes during the third trimester. Herrick and Tillman® state that 
marked changes in tolerance may be expected. Out of 20 patients, 9 
gave evidence of very definite improvement in the diabetes status, 7 
showed a decrease in carbohydrate tolerance, while 4 remained un- 
changed. A decline in tolerance over even a short period of time may 
result in the destruction of the fetus. Hurwitz and Ir\>^ing® observed 
one case which became sugar-free 10 days before term without insulin, 
after a previous requirement of 60 units per day. Consequently, the 
frequent checking of the diabetic pregnant woman and making suitable 
insulin and dietetic adjustments during the third trimester as well as dur- 
ing the second, is imperative. 

]ust before delivery. During labor an increased glucose tolerance is often 
noted. This may be due to increased activity of the voluntary muscles 
and to uterine contractions. On the other hand, an exacerbation of the 
diabetes and acidosis may develop and prove to be of serious significance 
to both mother and child. 

Postpartum. The insulin requirement usually diminishes. According to 
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Diabetes deaths, persons 45 j'ears and over 

Population, persons 45 years and over 

Death rate per 100,000 

[ Single 

Married 
and Widowed 

1 

Male 

1 

Female 

Male 

Female 

63 

j 

82,494 

76.3 

53 

82,450 

64.3 

i 

547 

644,285 

84.9 

1,196 

643,827 

185.7 




New York City. Diabetes— Death and Death Rates— Older Adults, by Civil Condition. 

Average IS31 and 1932. (Courtesy of Dr. C. B. Bolduan) 

Diabetes deaths in persons 45 years and over are most frequent in married and widowed 
females, Indicating that: Pregnancy increases the liability to Diabetes. 


Allen^ this is the first time this occurs since the beginning of pregnancy. 

The marked variations in carbohydrate tolerance, in the severity of 
the diabetes and in the insulin requirement, make it evident that careful 
control of the diabetes from the very beginning of pregnancy to its ter- 
mination is necessary to prevent the disastrous effect such sudden 
changes in the carbohydrate metabolism may have upon both mother 
and fetus. Very few authors stress this fact. Herrick and Tillman® insist 
on it and it may be that the good results they obtain in cases of diabetes 
in pregnancy, may be attributed largely to this method of controlling 
the diabetes. 

The role of pregjiancy in the production of diabetes in later life 

The diabetes death rate, which really indicates the incidence of 
diabetes, is increasing more in females than in males. The increase is 
almost entirely in females over 45 years of age. It is interesting to note 
that diabetes deaths in persons over 45 years of age, occur at about the 
same rate in single males and females, whereas in the married and 
widowed, the death rate of females is far greater than that of males 
(Table i). (The above data compiled by Dr. Charles F. Bolduan of 
the New York Department of Health have not been carried beyond 
the year 1932 because until the 1940 census figures are available, accu- 
rate rates can not be calculated.) From these facts it would appear that 
pregnancy increases the liability to diabetes. Joslin,^ in discussing these 
findings, stated that he observed that the average weight of his married 
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female patients above 45 years of age, was 181 lbs. as compared with 
a -weight of 161 lbs. in single women. Consequently, he believes that 
the greater tendency to obesity of married females is responsible for 
the more frequent occurrence of diabetes in this group. Bolduan and 
I are still of the opinion that pregnancy is a predisposing factor in the 
development of diabetes after 45. 

Acidosis 

Acidosis is acknowledged as a common cause of fetal death in dia- 
betes pregnancies (Herrick and Tillman;'^ VVilder;'^ Hurwitz and Irv- 
ing®). Acidosis develops when the diabetes is neglected and is poorly 
controlled. The advisability of frequent checkups previously mentioned, 
becomes evident. It was also noted that the shift in carbohydrate toler- 
ance may be sudden and that it has to be compensated for almost im- 
mediately if serious complications are to be prevented. 

The case report of a 19 year-old diabetic primipara (Massachusetts 
Medical Society, Section of Obstetrics and Gynecology®) is worthy of 
note in this connection. This patient became unconscious because of 
acidosis after she went into labor, stillbirth followed, the mother sur- 
vived. The report concludes: “Until diabetes in pregnancy can be con- 
trolled better than it is at present, any patient with severe diabetes who 
goes beyond 37 weeks with a viable child, stands a definite chance of 
losing the fetus by intrauterine death unless labor is induced or a ce- 
sarean section performed.” 

This drastic recommendation for induction of labor or cesarean sec- 
tion is based on insufficient grounds. If this patient had had adequate 
supervision by a doctor who understood the treatment of diabetes, coma 
should not have occurred and acidosis should have been remedied when 
it began, a number of hours at least, before “impending coma,” let alone 
unconsciousness, developed. The institution of intensive treatment for 
diabetic acidosis, only when the patient became unconscious, is an ad- 
mission that the diabetes was poorly supervised and the recommendation 
of routine cesarean section would seem a very radical remedy to fore- 
stall such a mishap. The mode of action suggested, i.e., that the diabetes 
specialist carry out frequent blood sugar estimations and prevent actual 
unconsciousness during labor, does not meet the aims of treatment in 
diabetes, nor does it fulfill the needs of the patient. Much more is re- 
quired and it becomes evident that the attendance of a physician well 
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versed in handling diabetes, is necessary not only during labor, but 
throughout pregnancy. 

Hyperglycemia 

A high blood sugar in itself, without concurrent glycosuria, is, in all 
probability, of no significance,® since under these circumstances, all the 
ingested sugar is metabolized and there is no loss in the urine and, as 
might be expected, there is no increased tendency to infection or other 
complication. On the other hand, if the glycosuria is marked, signifying 
the loss of a large amount of sugar to the body, then the results may well 
be disastrous. Under these circumstances, acidosis, protein destruction, 
loss of sodium and dehydration make themselves felt and, doubtlessly, 
have a serious effect upon the mother and often result in fetal death. 

The use of protamine zinc insulin may modify the views we have 
held concerning the significance of glycosuria. This form of insulin re- 
sults in adequate assimilation of sugar throughout the 24 hours in spite 
of the occurrence of glycosuria. In the treatment of non-pregnant dia- 
betics, it is freely acknowledged that small amounts of sugar-io to 20 
grams per day— in the urine of diabetics are not harmful. Tolstoi and 
Weber^® have gone a good deal further than this and have claimed that 
the occurrence of large quantities of sugar in protamine zinc treated 
diabetics are of no consequence provided there is a liberal carbohydrate 
intake. Their case reports ring true but are so far removed from our 
previous conception of what adequate diabetes treatment consists of 
that they have been accepted with some hesitancy until further proof 
is forthcoming. However, it must be remembered that for the first 
time a form of insulin is available that wfil regulate the carbohydrate 
metabolism throughout the entire 24 hours, resulting in both assimila- 
tion of glucose as glycogen, and the oxidation of glucose in spite of the 

existence of glycosuria. 


Hypoglyce?]iia 

A blood sugar lower than normal, even to the point of inducing re- 
actions, except just preceding and during labor, apparently is not harm- 
fS eSer to mother or fetus. In 14 patients with hypogtycemic .«m- 
festations some reaching coma, anjiwhere from the second month 
nregnancy to just before delivery, living babies were bom in evety i 
Ln^e (Herriik and TUIman”). Excessive doses of insulm just pno 
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labor may result in hypoglycemia not only in the mother but also in the 
infant. This question will be discussed in a subsequent section. 

Effect of Diabetes on the Pregnant "WoxMan 
hicidence of diabetes in pregjiancy 

The incidence of diabetes in pregnancy is not very great. This may 
be gathered from the statistics of the Municipal Hospitals in Greater 
New York which reveal that during the first six months of 1940 in a 
total of 8,598 pregnancies, there were 18 diabetic mothers, that is, 2.1 
per thousand. For New York City the number of diabetic mothers is 
still lower, as shovm by the reports of births and stillbirths to the De- 
partment of Health of New York City for 1939. During that year there 
were 83 diabetic mothers in 104,707 pregnancies, that is, 0.8 per thou- 
sand. The statistics on diabetes pregnancies from any one clinic are not 
conclusive, both because the reported cases are relatively few, and, 
furthermore, since the mode of dietetic management and insulin adminis- 
tration changes from time to time and any extensive series of diabetes 
pregnancies must be spread over a long period and the cases must thus 
be subject to considerable variation in treatment. 

Infections of the nrinai'y nact 

According to Baldwin and Root,^^ infections of the urinary tract 
are more frequent, more protracted and of more serious outcome in the 
diabetic patient than in the non-diabetic. Whether or not this state- 
ment holds true in diabetics that are perfectly managed, that is, free from 
glycosuria, or are treated with protamine zinc insulin, remains to be 
proved though there is a good deal of evidence that hyperglycemia, in 
itself, does not favor the occurrence of infections. Hyperglycemia with- 
out glycosuria does not entail malnutrition of the tissues (protein de- 
struction), dehydration (loss of sodium) or ketosis (incomplete oxida- 
tion of fatty acids). Consequently, bodily resistance is not diminished 
under those circumstances. It is possible that when protamine zinc in- 
sulin is used the same effects may be produced in spite of an existing gly- 
cosuria, though this observation of Tolstoi and Weber^° must be verified. 

Infections of the urinary tract which cause cystitis, pyelitis or pye- 
lonephritis may bring about the toxemias of pregnancy which, because 
of the urinary tract involvement, would be of the hypertensive or vas- 




2 2 4 


THE BULLETIN 


cular type that Herrick and Tillman® claim is the most common form of 
toxemia of pregnancy in a diabetic. 

Vitamin deficiency 

Wilder'* lays considerable stress on the fact that requirements for 
vitamin Bi are increased from three to five times in normal pregnancy, 
and when diabetes exists, there is still further need of Bi above the 
usual normal necessity. Some of the toxemias of pregnancy, the hyper- 
emesis of pregnancy, and the fetal oversize, have all been blamed on a 
relative deficiency of vitamin Bi. Wilder reports one case in which 
glycosuria, albuminuria, hemorrhagic retinitis with edema of the optic 
disc, subjective disturbance of vision, and mental cloudiness, were cor- 
rected by intensive administration of vitamin Bi, and he notes that sim- 
ilar results have been obtained in many other cases. 

Hormonal therapy 

Hormonal therapy, designed to correct a rising blood prolan as 
carried out by Priscilla White*® at the Deaconess Hospital in Boston, 
is, as I understand it, intended to check fetal mortality, whereas mater- 
nal risks are satisfactorily controlled by insulin and diet. This phase of 
the problem will therefore be considered in discussing the “Effect of 
diabetes upon the fetus.” 

Cesarean section 

Cesarean section, carried out as a routine measure, has been advo- 
cated to insure a viable fetus. This subject will be discussed under the 
heading of “Effect of diabetes upon the fetus.” However, the fact must 
not be lost sight of that cesarean section, regardless of diabetes, is much 
more dangerous to the mother than pelvic delivery and on that account de- 
serves careful consideration before it is undertaken (Hurwitzandindng**). 

Effect of Diabetes Upon the Fetus and the Newborn Infant 
Age of mother 

The age of the mother is an important factor in infant mortality. 
This may be noted from Table II, in which it is shown that the infant 
mortality increases distinctly after age 30. The age of diabetic mothers 
with stillbirths is higher than the age of non-diabetic mothers with still- 
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Tablt. II 


Age of Mother 

Late Fetal a}id Neonatal Mortality 

Umler 20 

25.1 per 1000 total births 

20 — 24. 

24.4 

25 — 29 

26.7 

30 — 34 

31.3 

35 — 39 

40.8 

40 and over 

61.5 

For all motliers 

29.6 


Late fetal and neonatal mortality (full term births). Statistics from upstate New 
York — 1936. Age of mother an important factor in infant mortality. 

Ages of diabetic mothers with stillbirths considerably higher than those of non- 
diabetic mothers 'noth stillbirtlis. Diabetic mothers 50 per cent are 35 j'ears or older; 
non-diabetic mothers 23 per cent are 35 years or older. Age of diabetic mothers with, 
stillbirths greater than age of non-diabetic mothers with stillbirths. 


births. (Diabetic mothers 50 per cent are 35 years or older; non-diabetic 
mothers 23 per cent are 35 years or older). Consequently, it may be 
concluded that the older age of the mother is a factor in the greater 
tendency to late fetal mortality which is characteristic of diabetes. 

Control of diabetes 

The effects of poorly controlled diabetes and the significance of 
acidosis, hyper-, and hypoglycemia have been discussed in the section 
on the “Effect of pregnancy on carbohydrate metabolism.” It suffices at 
this point to stress the dangers of acidosis both to the fetus and the 
mother. Hurwitz and Irving” claim from their experience as well as from 
a study of the literature, that the most frequent cause of fetal death is 
neglect of the diabetes, with resultant acidosis. Maceration of the fetus 
is regarded as the complication of an uncontrolled diabetes (Potter 
and Adair^®) . 

Overweight of the ferns 

Fetal overweight has always been considered as a major hazard in 
diabetes pregnancies. The opinion appears to be growing that it occurs 
only when the diabetes of the mother has not been properly regulated 
(Potter and Adair^®). Herrick and Tillman,^ who stress the importance 
of control of diabetes throughout the entire pregnancy, state that among 
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the viabJe births the child of a diabetic mother is as likely to be under- 
weight as overweight. Wilder’* claims that he has not encountered large 
babies, possibly because in earlier cases, low carbohydrate diets were 
used, and recently, because the child had been delivered by cesarean 
section between the 36th and 37th week. Another possible explanation 
that Wilder puts forward has been his insistence on a diet richly supplied 
with vitamins and calcium, since it is not improbable that a relative lack 
of vitamin Bi is responsible for an oversize fetus. 

Overweight is due to an extensive accumulation of fat and not to 
skeletal changes. 

It has been suggested that disturbances in pituitary activity, supposed 
to occur in diabetes, are responsible for the overweight. 

The significance of all these claims and statements is not perfectly 
clear but one cannot help gaining the impression in reading from the 
various reports that as Potter and Adair pur it: “If the patient’s urine 
has been kept relatively sugar-free by diet and insulin, and acidosis has 
not occurred, a live-born infant within normal limits of size, will prob- 
ably be delivered naturally.” 

Hormonal imbalance 

Priscilla White and her co-workers for a long time have been fur- 
nishing evidence that accidents commonly seen in diabetes pregnancies 
are not due to imperfectly controlled diabetes but to an abnormal hor- 
mone balance. White and Hunt*- in a recent publication, summarize their 
point of view and their results as follows: “Our present conception of 
the mechanism of the accidents in diabetic pregnancies has been the out- 
come, first, of our realization that adequate dietary control of diabetes 
and insulin therapy did not lower the fetal mortality rate and, second, 
our correlation of the behavior of diabetic pregnancies in relation to 
the balance of pregnancy hormones— chorionic gonadotropin, estrogen 
and progesterone. We believe (i) that an abnormal rise of chorionic 
gonadotropin after the twentieth week to a level of 200 rat units per 
hundred cubic centimeters of blood predicts in the diabetic premature 
delivery, stillbirth and neonatal deaths, (2) that these accidents arc 
caused by a failure of production or of metabolism of estrogen and pro- 
gesterone and (3) that they are prevented by continuous substitutional 
estrogen and progesterone therapy in replacement doses.” 
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Cesarean section 

There are two schools of thought:— those who, like Wilder, believe 
in early cesarean section in every diabetes pregnancy, and those who 
believe as do Herrick and Tillman^ that cesarean section should be re- 
sen’^ed for those cases in which there is a supporting obstetric indication. 
According to others there are special indications for cesarean section 
such as, the hormonal imbalance as sponsored by Priscilla White, or the 
excessive size of the fetus. In general, the trend seems to be tov^ard a 
conservative attitude and the results reported by various authors when 
the diabetes has been controlled from the start, showed figures which 
are decidedly encouraging and comparable to those offered by the ad- 
vocates of frequent recourse to cesarean section. 

Hypoglycemia of the neauborn 

AVilder^ claims that the usual cause of neonatal deaths is hypogly- 
cemia as evidenced by the occurrence of convulsions and that this can 
be controlled by glucose injections. On the other hand, there are many 
(iVliller and Ross,^^ Sisson,^® and others^®* ^’) who are unable to confirm 
this finding. 

In Sisson’s series of 65 infants born of diabetic mothers, a high 
blood sugar v^as the rule and hypoglycemia was a rare complication. 
A low blood sugar vTen it did occur was ascribed to insulin given to 
the mother just before delivery. The restriction of insulin to the mini- 
mum necessary for control of the diabetes just prior to delivery would 
therefore be clearly indicated. Consequently, the routine procedure of 
glucose injections directly after birth is useless and should not be car- 
ried out unless the actual blood sugar determination shows a hypo- 
glycemia. 

Hypoglycemia in the mother does not necessarily indicate that the 
infant will suffer on this account. Herrick and Tillman® note that in two 
patients with hypoglycemia while in labor, the fetal blood taken at the 
same time showed an e.xtremely low level of sugar. Clinically, however, 
these infants behaved normally and gave no evidence of hypoglycemia. 

Asphyxia of the infant 

Asphyxia has been stressed as a frequent cause of neonatal death. 
Sisson^® states that there seems to be a rather typical symptom complex. 
It usually occurs in the first 12 hours of life and is associated with fre- 
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quent and labored respirations. Physical examination sho\\fs unexpanded 
lungs. All reflexes are suppressed but muscular contractions of the face 
and extremities are common. The condition suggests an intrauterine 
disturbance with involvement of the respiratory center. In many in- 
stances the precipitating cause has seemed to be the insuiflation of amni- 
otic sac contents. This occurred most frequently with infants delivered 
before the eighth month. Wilder^ describes the treatment of this condi- 
tion as follows: “Following the delivery of the child, efforts are directed 
immediately to prevent hypoglycemia and to combat asphyxia. Care is 
taken to be certain that the pharynx and trachea are free of mucus and 
amniotic fluid, by keeping the head dependent and, if necessary, by as- 
pirating with a tracheal catheter. Occasionally inhalation of carbon 
dioxide and oxygen is needed to establish respiration. When the baby is 
breathing it is placed in a Hess incubator equipped with a cover and 
connected with an oxygen tank. Flow of oxygen is regulated in order 
to maintain an oxygen concentration of 40 to 50 per cent for the first 
few hours. The concentration of oxygen in the incubator gradually is 
diminished and when the color of the infant remains normal in the or- 
dinary atmosphere, administration of oxygen is discontinued. 

Summary and Conclusions 


Pregnancy accentuates an existing diabetes. 

Pregnancy favors the development of diabetes in later years 

The older age of diabetic mothers is an unavoidable predisposing 

factor to stillbirths. , 1 

Large amounts of Vitamin B. are required durmg ^ 

particufarly when diabetes exists. According to Wilder many of th 

compHcations of diabetes pregnancies may be set aside by suita e o 

The impression is growing that asphyxia of the infants of diabetic 

”°The opintrr'expressel with increasing 
cesarean section is unnecessary in 

f- ini-rrss - a.- 

tion for 73“apPar that regulation of the 
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oxidation of glucose and freedom from acidosis) from the very begin- 
ning to the termination of pregnancy in a diabetic woman will do away 
with all the complications of pregnancy to v'^hich mother and fetus are 
liable. This includes oversize, maceration and other fetal hazards. The 
diabetes should not only be well controlled from day to day but care 
should be taken that the body’s carbohydrate metabolism is proceeding 
along normal paths and providing proper utilization of glucose every 
hour of the day and night. This is stressed because with protamine zinc 
insulin we now have an agent which furnishes perfect adjustment of 
glucose assimilation continuously for more than 24 hours and has dis- 
tinct advantages over the hrst, unmodified insulin which acted for only 
4 hours after each injection and failed to prevent a resumption of the 
diabetic state after its period of influence had ceased. It would seem 
possible that all the problems of pregnancies in diabetic subjects may 
be solved by complete control of the carbohydrate metabolism from 
the very beginning of pregnancy to the termination of labor, and for 
the accomplishment of this end protamine zinc insulin should prove to 
be of inestimable help. 

Sudden and marked variations in the severity of the diabetes may 
occur in the course of pregnancy, especially during the second and 
third trimesters. Such changes may call for either more or less insulin. 
If these demands are not met, serious consequences are in store for both 
mother and child. Therefore, during the second and third trimesters the 
diabetes should be regulated every 7 to 10 days. 

During labor the most meticulous care should be taken to check acid- 
osis and to prevent hypoglycemia in the mother. All authors are agreed 
on the point that acidosis is a very serious complication and because of 
its fulminating progress must be regarded as an emergency. The occur- 
rence of the dangerous hypoglycemia in the newborn apparently can 
be prevented by keeping the insulin administration to the prospective 
mother within reasonable limits, as governed by blood sugar determina- 
tions. 
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PROCEEDINGS OF ACADEMY MEETINGS 


STATED MEETINGS 

Januahy S^Tlie New York Academy of 
Medicine. Annual Meeting. Executive 
session — a] Reading of the Minutes; b] 
Amendment to By-Laws; c] Presenta- 
tion of diplomas. ^Presentation of an- 
nual reports (to be read by title) : The 
Council, The Trustees, The Treasurer, 
Committees. )[ Papers of the evening. 
Program under the joint sponsorship of 
The New York Academy of Medicine 
a7id its Section of Surgery and The New 
York Surgical Society — War Wounds — 
a] Determining factors in the end-re- 
sults following war wounds and com- 
pound fractures, H. Winnett Orr, Chief 
Surgeon, Nebraska Orthopedic Hospi- 
tal; b] The treatment of head injuries, 
James C. White, Assistant Professor of 
Surgery, Harvard Medical School. j[ Re- 
port of election of fellows. 

Jakuary 16 — The Harvey Society in affilia- 
tion with The New York Academy of 
Medicine. The fourth Harvey lecture, 
“Intermediary Metabolism in Diabetes 
Mellitus,” William C. Stadie, Professor 
of Research Medicine, University of 
Penns}'lvania. 

SECTION MEETINGS 

Jaxuary 6 — Dermatology and Syphilology. 
Presentation of cases — a] Presb 3 derian 
Hospital; b] Vanderbilt Clinic, Dis- 
cussion. Executive session. 

JAifUAnY 6 — Combined Meeting Section of 
Neurology and Psychiatry and the New 
York Neurological Society. — a] Reading 
of the minutes; b] Case presentation. 
Neurosis of seventy-years’ standing, C. 
P. Oberndorf, Arnold Eisendorfer. f Pa- 
pers of the evening — a] Spastic and 
flaccid hemiplegia of cerebral origin, 
Ben H. Balser; Discussion, Tracy J. 
Putnam, Margaret A. Kennard; b] Vis- 


ualization of the brain and spinal cord 
with diiodotyrosine gelatine contrast me- 
dia Including later observations, Harold 

H. Lefft, J. Arthur MacLean; Discus- 
sion, Tracy J. Putnam, Leo M. Davidoff. 

January S — Combined Meeting Section of 
Historical and Cjtltural Medicine and 
the Section of Pediatrics. ^ Papers of 
the evening — a] The throat distemper 
of 1735-1740, Ernest Caulfield (by invi- 
tation) ; b] The evolution of our present 
knowledge of hj'persensitiveness, Bret 
Ratner; Discussion, Ulrich Friedemann 
(by invitation), Bela Schick. 

January 19— -Ophthalmology, Instruction 

hour 7:00 to 8:00 o’clock. Visual path- 
waj’s — A clinical review, Ferdinand Koch 
(bj' invitation). ([Exhibit — ^Exophthal- 
mos, A. D. Ruedemann, Cleveland (by 
invitation). ([Executive session. Read- 
ing of the minutes. ([Presentation of 
cases — a] A case of molluscum conta- 
giosum of the lid margin with pannus, 
Clement McCulloch (by invitation) ; b] 
A case of tuberous sclerosis, Murray 

I. ,ast. ([ Papers of the evening — a] He- 
parin treatment of -thrombosis of the 
central retinal vein, Marion Cuthbert (b\’ 
invitation) ; b] The clinical and surgi- 
cal aspects of pituitary tumors, Leo M. 
DaHdoif; c] The roentgenological as- 
pects of pituitary tumors, Cornelius G. 
Dyke; Discussion, Foster Kenned}'. 

January 20 — Joint Scientific Session Section 
of Medicine and the New York Heart 
Association, Heart Committee of the 
New York Tuberculosis and Health As- 
sociation. Annual report of the New 
York Heart Association, Ernst P. Boas. 
([ Papers of the evening — a] Experi- 
mental and clinical studies in the use 
of anti-coagulants in cardiovascular dis- 
ease with special reference to heparin 
and dicoumarin, Andrew G. Prandoni 
(b}' invitation). Department of Internal 
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Medicine, New York Post-Graduate 
Medical School & Hospital, Colum- 
bia Universit}’; Discussion, Irving S. 
■\Vright; b] Some chemical changes in 
the myocardium accompanying heart 
failure, "S^ictor C. Myers (by invitation). 
Professor of Biochemistry, AVestern Re- 
serve University, Cleveland, Ohio; Dis- 
cussion, Maurice Bruger (by invitation). 

January 21 — Genito -Urinary Surgery. Read- 
ing of the minutes. ^ Papers of the eve- 
ning — a] Studies on the etiology of Htin- 
ner ulcer, Edward Cathcart, Detroit (by 
invitation); b] Bladder complications 
following operations for advanced rectal 
carcinoma — a new operative device, Ben- 
jamin Barringer; c] The treatment of 
neurogenic urinary incontinence with 
trasentin. Studies in bladder function 
(lantern slides), Irving Simons; Dis- 
cussion, J. Sturdivant Read. 

January 21— Otolaryngology. Reading of 
the minutes, Presentation of cases— 

a] Lipoid proteosis, Marion B. Sulz- 
berger; Discussion, Julius F. Neuberger 
(by invitation). ^Papers of the eve- 
ning— a] Histamine in the treatment of 
nasal allergy, Laurence Farmer; Dis- 
cussion, Arthur J. Cracovaner; b] Ex- 
periences in the treatment of Menibre’s 
syndrome, Miles Atkinson (by invita- 
tion) ; Discussion, Foster Kennedy. 
j[ General discussion. Executive ses- 
sion. 

January- Orthopedic Surgery. No meeting 
of the Section was held in January be- 
cause of the annual meeting of the Amer- 
ican Academy of Orthopffidic Surgeons 
in Atlantic City, January 11-15. 


January 27 — Ob.ttetrics and Gynecology. 
Program presented by the AVoman's Hos- 
pital. |[ Executive session, reading of 
the minutes, Papers of tlie evening — 

a] Uterine irrolajjse, its management 
and surgical treatment, Ralph A. Hurd ; 

b] Carcinoma of tlie corpus uteri, Diag- 
nosis and treatment, George Gray AAbard; 

c] Caesarean section. Advantages and 
disadvantages of the various surgical 
techniques, James P. Marr; d] Mater- 
nal mortality, A consideration of com- 
mon errors in tlie conduct of labor and 
delivery, Ralph L. Barrett, Chairman 
Special Committee on Maternal AVelfare, 
New A'ork County Medical Society. 
^ General discussion. 

AFFILIATED SOCIETIES 

January 22 — New York Pathological So- 
ciety in affiliation xaith The New York 
Academy of Medicine, jj Papers of the 
evening — Iso-immunization and the 
pathogenesis of erythroblastosis fetalis: 

a] The pathogenesis of erythroblastosis 
fetalis, Philip Levine (by invitation) ; 

b] The pathological aspects of erythro- 
blastosis fetalis, S. H. Polayes; c] The 
clinical and hematological aspects of 
erythroblastosis fetalis, Peter Vogel (by 
invitation) ; d] Iso-immunization and the 
prevention of intra-group transfusion 
accidents, E. M. Katzin (by invitation). 
^ Executive session, election of officers. 

January- Aeto York Roentgen Society. The 
regular monthly meeting of the Society 
was omitted in January, because of the 
Annual Mid-winter Eastern Conference 
of Radiologists, which was held January 
23 and 24 at the Hotel Biltmorc, New 
A'ork. 
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Foster, Allyk Kixg, Jr.: 136 East 57 Street, 
New York City; born in Cornwall, Conneeti- 
cut, March 8 , 1905; died in New York 
City, January 17, 1942; graduated in medi- 
cine from Rush Jledical College, University 
of Chicago, in 1929; elected a Fellow of the 
Academy January 7, 1937. 

Dr. Foster had served his intern.ship at 
St. Luke’s Hospital and was junior assistant 
surgeon to the Post-Graduate Hospital, as- 
sistant surgeon to the Downtown Hospital, 
assistant surgeon to tlie O.P.D. at Post-Grad- 
uate Hospital and clinical assistant surgeon 
to the O.P.D. of the Lincoln Hospital. He 
was a Fellow of the American Medical As- 
sociation and a member of the State and 
County Medical Societies. 

Ftmxiss, Hekry- Dawson: 54 East 02 Street, 
New York City; born in Selma, Alabama, 
March 25, 1878; died in New York City, 
January 25, 1942; graduated in medicine 
from the Medical Department of the Uni- 
versity of Virginia in 1899; elected a Fel- 
low of the Academy March 7, 1907. 

Dr. Furniss was professor of obstetrics 
and gjmecology at the New York Medical 
College and attending obstetrician and gy- 
necologist to the Flower and Fifth Avenue 
Hospitals; visiting surgeon to the Metro- 
politan Hospital; consulting gynecologist to 
the New York Post-Graduate Hospital, 
Broad Street Hospital, New Rochelle Hos- 
pital, St Luke’s Hospital at Newburgh, 
Holy Name Hospital at Teaneck, Hacken- 
sack Hospital of New Jerse)', All Soul’s Me- 
morial Hospital at IMorristown, and con- 
sulting cystoscopist to the New York In- 
firmary for Women and Children. From 
1917 to 1927, Dr. Furniss was professor of 
gynecology at tlie New York Post-Graduate 
Medieal Scliool, having joined that faculty 
in 1904 as instructor of gynecology. 

Dr. Furniss was a diplomate of the Amer- 
ican Board of Urologj', a diplomate of the 


American Board of Obstetrics and Gynecol- 
ogy, a Fellow of the American Medical 
Association, a Fellow of the American Col- 
lege of Surgeons, a member of the .‘Vmeri- 
can Association of Obstetricians, Gynecolo- 
gists and Abdominal Surgeons, the Southern 
Surgical Society, the American Urological 
Association, and the State and County IMed- 
ieal Societies. 

Goodfriend, Nathan: 44 West 77 Street, 
New York City; born in Galsecli, Austria- 
Hungary, June 18, 1880; died in New York- 
City, January 17, 1942; graduated in medi- 
cine from the College of Physieians and Sur- 
geons in 1902; elected a Fellow of the Acad- 
emy April 3, 1913. 

Dr. Goodfriend was attending ophthalmol- 
ogist to the Bronx Hospital and secretary 
of its medical board; and assistant surgeon 
to the Manhattan Eye, Ear and Throat Hos- 
pital. He was a Fellow of the American 
Medical Association, a Fellow of the Amer- 
ican College of Surgeons and a member of 
the State and County Medical Societies. 

IvOughran, Robert Livingston: Sharon, 
Connecticut; born in Kingston, New York, 
March 28, 1873; died in Sharon, January 
27, 1942; received the degree of A.B. from 
Princeton L’niversity in 1895; graduated in 
medicine from the College of Physicians 
and Surgeons, Columbia University, in 1899; 
elected a Fellow of the Academy May 18, 
1905. 

Dr. Loughran was at one time professor 
of otology and attending otologist to the 
New York Post-Graduate Medical Scliool 
and Hospital. He was a diplomate of tlie 
American Board of Otolarjmgology, a Fel- 
low of the American College of Surgeons, 
a member of the American Laryngological, 
Rhinological and Otological Societj' and its 
secretary from 1924 to 1936, and a member 
of the American Medical Association and 
tlie State and County Medical Societies. 

In the first world war. Dr. Loughran held 
the rank of ilajor in the Army Medical 
Corps. He served as superintendent of 
the Ancon Hospital and as Chief Public 
Health Officer of the Panama Canal Zone 
from 1917 to 1919. 
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Taylob, Alfbed Siaipsox: 116 East 68 Street, 
New York City; born in Manchester, Con- 
necticut, January 17, 1868; died in New 
York City, January 16, 1942; received from 
Brown University the degrees of Ph.B. in 
1891 and A.M. in 1892; graduated in medi- 
cine from the College of Physicians and Sur- 
geons in 189S; elected a Fellow of the Acad- 
emy February 4, 1904. 

Dr. Taylor was professor of clinical sur- 
gery of the neurological department at Cor- 
nell University Medical College from 1910 
to 1930. He was consulting surgeon to the 
Memorial, Fordham and New York Hospi- 
tals; and consulting neurosurgeon to the 
New York Neurolo^cal Institute and St. 
Luke’s, General Memorial and Tarrytown 
Hospitals. He was a Fellow of the American 
Medical Association and the American Col- 
lege of Surgeons ; and a member of the Amer- 
ican Surgical Society, the Society of Neuro- 
logical Surgeons, the American Neurological 
Association and the County and State Medi- 
cal Societies. 

Dr. Taylor contributed many papers in the 
field of general and neurosurgery and de- 
veloped a method for the reduction of dis- 
locations of the spine. 

'Waldie, Thomas Edwam, 1215 Madison 
Avenue, New York City; born in Brooklyn, 
November 20, 1884; died in New York City, 
September 18, 1941; graduated in medicine 
from Cornell University Medical School in 


1907; elected a Fellow of the Academy, 
January 6, 1927. 

Dr. Waldie was a member of the State 
and County Medical Societies, and the 
American Medical Association. He was Pe- 
diatrician to St. Vincent’s, St. Clares, Wil- 
lard Parker and the New York Foundling 
Hospitals, and Director of the Department 
of Pediatrics of the Misericordia Hospital. 

WoEFF, Julius: 1112 Park Avenue, New 
York City; born in New York City, De- 
cember 3, 1869; died in New York Cit}’, 
January 26, 1942; received the degree of 
A.B. from Harvard University in 1890; 
graduated in medicine from the College of 
Physicians and Surgeons, Columbia Uni- 
versity, in 1893; elected a Fellow of the 
Academy May 4, 1899. 

Dr. Wolff was ophthalmologist to Ran- 
dall’s Island Hospital, 1899-1905; and as- 
sistant ophthalmic surgeon to Bellevue Hos- 
pital, 1927-32. In 1907 he became associ- 
ated with The Mount Sinai Hospital as 
assistant adjunct attending surgeon; from 
1923 to 1932 he was attending ophthalmic 
surgeon and head of the department of 
ophthalmology; and from 1932 until the 
time of his death, he was consulting oph- 
thalmologist to that institution. He was a 
diplomate of the American Board of Oph- 
thalmology, a Fellow of the American Med- 
ical Association, and a member of tlie State 
and County Medical Societies. 
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DETERMINING FACTORS IN THE 
END-RESULTS FOLLOWING WAR 
WOUNDS AND COMPOUND FRACTURES*" 

H. WiNNETT ORR 

Chief Surgeon, Nebraska Orthopedic Hospital, Lincoln, Nebraska 



^HERE M'as a short period in the histor)’’ of surgery when 
we could be and were quite definite about our attitude 
toward compound fractures and compound fracture 
wounds. We did not treat the wound. The wound dress- 
ing was designed only to exclude infection. Unfortu- 
nately, this period was very short. I refer to the time about 1865 to 
1870 when the true Lister method was proposed, described and em- 
ployed by Joseph Lister himself. 

In discussing M’ounds and compound fractures this evening, I shall 
first remind you that in order to deal successfully with this problem we 
must return, not to the technique or to the exact method of Lister, but 
to the Lister point of view. This original conception was described 
perfectly by Lister and was really comprehended by many of his pupils 
and contemporaries. Even a few of his successors were able to maintain 
the original Lister attitude toward wound infection. Generally speak- 
ing, those surgeons who adhered to the Lister ideal were few, while 
those who departed on various paths and in many directions were many. 


Hcrid January 8, 1942 at the Annual Meeting of The New York Academy of ^redictne. 
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As an illustration, I may quote from Dr. James L. Little (in 1877), 
lecturer on operative surgery and surgical dressings in the College of 
Physicians and Surgeons, New York:* 

“AVe will turn our attention this morning to the subject of antiseptic 
surgery, a topic at present of universal interest and one with which, 
even should you never practice it, scientific medicine demands that you 
should be familiar. Professor Lister, accepting the germ theory, has 
applied to the treatment of open wounds an entirely new method which 
has so far yielded the most wonderful results. The principle of Lister’s 
method is essentially this; In treating an open wound let neither the air, 
the instruments you use, your hands or the dressings that are to be 
applied, nor in fact anything come in contact with the wound unless it 
has been thoroughly saturated or wet with a solution of carbolic acid, 
and at the same time keep the wound thoroughly drained. 

This was not the principle of the Lister method, only some of the 
details of the Lister technique from which Dr. Little and many others 
promptly departed. 

Dr. Little continued; “Carbolic acid comes in crystals, but the addi- 
tion of a little water dissolves them. You should procure two bottles; 
one that will hold a quart and one that will hold nvo quarts, and a 
nvo-ounce graduate. To 30 ounces of water add an ounce and a half 
of the carbolic acid and you have a solution of the strength of one part 
of carbolic to twenty of water. From the two quart bottle pour off four 
ounces and add the same amount of carbolic acid. You then have a 
solution of one part of carbolic acid to forty of water. Now you are 
ready to employ the Lister method so far as the solutions are con- 


cerned ) 

Little described at the same time, the use of thymol which had 
been employed not very successfully by Dr. Weir. Dr. pP'®' 

the hope, however: “That some more pleasant annsepic will 
discovered to take the place of the disagreeable carbolic acid. 

Dr Little employed the spray and desenbed its use m great de . 
Then he said: “We will now turn our attention to the annspne ga . 
This is made of very coarse muslin or cotton gauze sprjrided wnh a 
W mixrrfof resif and paraffin and one part of crystallized carbolic 
acid. Another material which can be prepared in the same way or pur 


G. P. Putnam & Sons,\18/o. 
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chased from a dealer, is the mackintosh cloth or protective oiled silk.” 

Lister taught that a certain kind of safety pin should be employed 
with a guard protecting the point of the pin. He said that even a pin 
hole through the mackintosh might permit the entrance to the wound 
of enough germs to cause the death of the patient. 

In 1877, however, both Lister and Dr. Little were advocating the 
use of rubber drainage tubes. These tubes damaged the wound surface 
and permitted the access of new infection to the deep recesses of the 
wound. 

These inconsistencies— exposure for dressings with damage to the 
wound surface, and the drainage tube opportunity for infection, have 
led to many of our difficulties in the control of fractures and in the 
protection of the wound against secondaty infection. They have led to 
pyemic and septicemic complications and have predisposed to inflam- 
mation, scar formation, disability and deformity. 

In 1904 when I began the study of orthopedic surgety I was drilled 
by Dr. Ridlon in the teachings of Hugh Owen Thomas (even with re- 
gard to intestinal obstruction) but he never did ask me to read the 
writings of Lister. I had not read all of them until after the war of 
1917-1918. It had been my impression that Lister’s original writings 
were very much out of date. I was familiar with the fact that Lister 
had renounced the antiseptic method as far as the carbolic spray was 
concerned. I thought then, as I have found many other surgeons to 
think, that Lister had abandoned his original conception of antisepsis 
when he abandoned the spray. 

As I re-read the writings of Lister in 1919, I found that he had, to 
an extent, receded from his original teaching as to the exclusion of in- 
fection. He did allow himself to be influenced by his colleagues and 
his contemporaries to begin the search for a less oflFensive chemical than 
carbolic acid and for one which might actually cure wound infection. 

But while Lister had been led by Robert Koch and others to try 
mercurial antiseptics, he regretted a tendency toward careless chemical 
dressings as a substitute for exclusion. Chemical wound dressings and 
chemotherapy were nor then and have never been the true Lister 
method. 

It is this search for a chemical that will kill grerms without harm to 
the patient that has done antiseptic and aseptic surgety much harm. For 
example, a British surgeon said in 1918: “In dealing with compound 
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fractures and compound fracture wounds it is important for the surgeon 
not only to defend against infection, but to know when to attack.” 
But what many of us forgot in those days was that in attacking the 
infection we were often attacking the patient as well, and about the time 
that the infection and the germs were in retreat, the patient was about 
ready to surrender also. 

We have all been misled, as Lister was, by the recovery of patients 
for whom certain kinds of antiseptic gauze or certain forms of chemical 
solutions were employed. We lose sight of the point that before the 
days of Listerism and in spite of some of the revolting wound treat- 
ments that were then employed, patients got well in spite, rather than 
because of the surgeon’s efforts. 

Many of our correct ideals with regard to treatment of wounds and 
fractures were inherited from Hunter, Hilton and Hugh Owen Thomas. 
In a period in New York surgery fifty years, ago tuberculosis of the 
hip or morbus coxarius was being treated by machines or apparatus de- 
signed to provide immobilization and traction for the hip. After many 
years of travail, during which the Sayre, Washburn, Stephen Smith, 
Hutchinson, Bauer, Shaffer, Duncan Eve, Wyeth, Stillman and Roberts 
splints were devised, manufactured and applied, we came to the point 
where real immobilization and rest were obtained by the Thomas splint, 
much simpler, lighter in weight, more efficient and less expensive; or by 
the plaster-of-paris cast. During those days we had advocates of radical 
surgery, motion, ambulation, and even chemotherapy for tuberculous 


ioints— but no more. . 

We know that rest rather than radical surgery or medication will 

assist patients to recover from tuberculous bone and joint disease. 

But we have not made so much progress in the matter of compound 
fractures. There have been too many attempts to individualize thera- 
peutic technique and apparatus for different patients, different occasions 
Ld especially for different splints and surgeons to arrive at standard 

methods, continuity, or systematic treatment. 

A common admonition of surgeon-teachers is that the surgeon on 
L cnnr In an emerffencv must decide the special apparatus, methods. 
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In acute infections even more than in chronic bone and joint disease, 
immobilization and rest are necessat}'’ to avoid or reduce inflammation, 
scarring and subsequent fixation, adhesions and ank}dosis. 

We do not seem to have arrived at this “rest” point of view for the 
acutely inflamed fractures and compound fracture wounds. There is still 
the attempt to diminish the amount of apparatus, to provide more joints 
and mobility, to make our patients ambulatory and to render less effi- 
cient rather than more so the kind of control A\diich Thomas described 
long ago as rest “enforced, uninterrupted and prolonged.” 

We should not forget that scarring, stiffness and disability in the 
vicinity of fractures are brought about by improper motion, inflam- 
mation and irritation just as they are in tuberculous joint disease. 

^Vhen I began my infrequent-dressing and rest method for osteo- 
myelitis, infected wounds and compound fractures about twenty years 
ago, I had become convinced that the Carrel-Dakin, Willems, and 
Blake teachings, and primaty and secondary suture were all doing much 
harm. My feeling arose partly out of realization that the teachings of 
Lister, Hilton, Hugh Owen Thomas and Ridlon regarding infection 
and re.st were being violated. I believed firmly that 'wound surfaces 
should be protected, that infected 'wounds of any degree should be 
drained, that all fractures should be reduced and immobilized, and that 
any injured or inflamed limbs should be protected against vniscle spasm 
and other painful movements. 

A very few clinical trials were sufficient to convince me of the cor- 
rectness of these a.ssumptions. Many years of further clinical e.xperience 
have assured me that these fundamentals are correct but that other 
details of treatment are often incidental and unnece.ssary. 

My own results have been obtained without sutures, ^\dthout drain- 
age tubes and without antiseptic wound dressings. Sometimes cures or 
results attributed to chemical agents or “modified” techniques have been 
attributed M’rongly to them, when better immobilization, rest and pro- 
tective methods have given the patient his OM'n chance to recover. 

I could quote many reports from recent literature to illustrate this 
point. Perhaps one from a New York surgeon will be sufficient. In 
Bone and Joint Surgety for October, 1941, he says: “I have recently 
treated 45 fractures of the tibia by open operation. The results in all 45 
cases have been good, though recovety in one or two was somewhat 
delayed. To date there has been no loss of life or limb attributable to 
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the open method despite the fact that as yet none of the newer drugs, 
such as sulfanilamide has been used as a prophylactic against infection.” 
I am not quite sure whether this New York surgeon is being naive- 

a term sometimes reserved for those of us from the provinces or 

whether he is “pulling our leg,” 

In this connection we might do well to recall what Dr. Flexner said 
in his book on “Medical Education”: “There is a wide-spread impres- 
sion that the scientific quality of medical practice is dependent upon the 
part played by the laboratory. This is not the case.” Clinicians especially 
are inclined to regard the laboratory worker as always scientific and 
more or less infallible. It should be remembered, I think, that mistakes 
as to cause and effect, so often attributed to the clinician, may be made 
by the laboratory worker too, especially if he tries to carry his methods 
and conclusions into the field of practice. 

It is interesting that in recent months a piece of research has been 
carried out which has had the effect of rationalizing completely all of 
our contentions regarding the importance of immobilization and rest 
in the treatment of inflammation and infection. This work was done, 
in part, by Dr. Trueta who made such a fine contribution to the plaster- 
of-paris cast and infrequent-dressing method by his work in Barcelona 
during the Spanish War. Dr. Trueta has recently been at Oxford, Eng- 
land, and has conducted a study with Dr. Barnes of Oxford on the influ- 
ence of immobilization upon the lymphatic circulation in the extremities. 

Barnes and Trueta published in the Lancet, London, May 17, 1941, 
page 263, an article on the absorption of various toxins and other ma- 
terials from the mesenchymal tissues under circumstances similar to 
those in wounds and compound fractures. 

Barnes and Trueta tied off the lymphatic circulation in animal limbs 
and introduced certain organisms into the tissues. They found that with 
the lymphatics obstructed, very few of these organisms got into the 
blood or into the spleen. Also, even from recent wounds, very few 
organisms were taken up by the freshly injured blood vessels, but such 
as were carried into the body of the animal at all, were taken by way 
of the lymphatics. 

Snake venoms, some of which were so poisonous that they would 
kill animals in ordinary ways within ten minutes, could be excluded 
from the body of the animal generally by obstruction of the lymphatic 
circulation in the poisoned extremity. As soon as the ligated lymphatics 
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were relieved, however, even after an hour or so, the poison which had 
been held in the extremity by this ligature, escaped into the body and 
the animals promptly died. 

Another e.xperiment had to do with the reduction of the lymph flow 
by physiologic means. Rabbits had their lower extremities completely 
immobilized by means of plaster-of-paris double spica casts. Then snake 
venom was injected into the immobilized lower extremity, and one 
animal Avas found to be perfectly well after 105 minutes; then the 
plaster was removed and the animal allowed to move the limb about and 
died within seven minutes. A second animal remained in plaster for 210 
minutes and died do minutes after the removal of the cast. 

One method by which edema may be prevented. Dr. Trueta says, 
is by the enclosure of the injured parts in a plaster cast. The reduction 
of the lymph flow obtained by this means is further enhanced if local 
drainage of the inflmned parts is provided by incision. 

The support adduced, by Dr. Trueta ’s research, for the immobiliza- 
tion and skeletal fixation of these extremities in plaster-of-paris is of the 
greatest importance. It has an important bearing on the immobiliza- 
tion and rest treatment of all infected wounds and fractures. It not only 
explains the excellent results we have obtained by this method, but 
points the way to further study along this line.*' 

I wish to refer briefly to the report of the Committee on Fractures 
and other Traumas published in Surgery, Gynecology and Obstetrics, 
November, 1941. This resolution M as adopted at Nev'^ Orleans last Jan- 
uary. The conclusions of this Committee may be summarized as folloM^s: 

1. The use of snug-fitting plaster encasements in initial treatment of 
acute compound fractures is inadvisable. 

2. Early splinting, utilizing fixed traction, should be folloM^ed by 
adequate debridement at the earliest possible time. 

3. "V^^ounds of the soft parts, not involving bones, joints, nerves or 
tendons, may be closed by secondar}'^ suture M'hen bacterial checks in 
the laboratorj" prove that closure of the Mmunds is permissible. 

My ansM-er to these three proposals in general is that they represent 
the point of view that prevailed during the War of 1914-1918. TTiat our 
results then M-erc most unsatisfactor}’- no one now attempts to deny. 

^^'ith regard to the use of plaster, thousands of surgeons are now 
prepared to assert that properly applied plaster-of-paris casts may and 

At tht« point ?Hdes were fbown to demonftratc the technique o: skeletal tractio'i. fixed traction in 
cn«t5 and tahlc'^ 5}:o'vinc clinical rc<ult.*i. 
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should be used immediately after compound fractures. If such fractures 
are reduced, if the limb is put in the cast in correct length and position 
and if the wound is protected against secondary infection, this repre- 
sents, to many of us, ideal treatment (which permits transportation) 
under any circumstances. 

With regard to temporary splints and secondary debridement, this 
involves secondary trauma to the wound, disturbance of the limb and 
the patient, and revision of the fracture. Many of us feel that such treat- 
ment is quite wrong. Primary reduction, direct or indirect fixation in 
plaster-of-paris casts and with no change for several weeks is much to 
be preferred. This method is in extensive use here and in war areas 
abroad. 

With regard to the closure of wounds, there are practically no such 
wounds such as those described by the Committee as suitable for pri- 
mary or secondary closure. W e are not much concerned about abrasions 
and skin wounds, but for those which do involve tendons, joints and 
bones, more important surgery, operative and postoperative, primary 
and secondary is required. 

The outline of treatment proposed in the Committee’s report is an 
outline which was carefully considered, thoroughly tried and largely 


discarded after our military experience twenty years ago. 

One of the common misconceptions with regard to the infrequent- 
dressing method is that the patient is likely to become septicemic, py- 
emic or toxic as a result of foul smelling dressing or casts. That a bad 
odor is a necessary concomitant of this method is an entirely erroneous 
idea. Such wounds and discharges as do have bad odors, have them 
because of contamination with certain saprophytes that occurs at the 
time of injury, at the time of operation, or quite often because of care- 
less secondary dressings. In most of our cases, whether of vmunds or 
compound fractures, no postoperative odor is associated with the case 
at all The patients we receive late, after they have been contaminate 
already, are sonrettoes difficult to clean up and for 
disagrLble odors. Even such cases, however, can usually be kept c 
and ffiy so that the odor disappears. Then they make a atisfactory 
valescence without further difficulty from odor or otherwise. 

Another misunderstanding as to skeletal fixation is that 
reduction and fixation of the limb must undergo revision and reajus 
ment if it is found that the fracture surfaces are not perfectly app 
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mated. Spaces between the ends of the fractured bones will fill in Muth 
callus and bone repair if they are truly immobilized in correct position 
and arc undisturbed during convalescence. No delay in union is to be 
anticipated even if the fragments arc slightly separated.* 

A diversion that is a common cause of inefficiency in fracture treat- 
ment arises out of the idea that the patient will be better off if he is 
made ambulatory. There is seldom any justification for trying to get a 
leg or femur fracture patient on his feet. As for moving joints in the 
vicinity of fractures, this is still as wrong as it was before skeletal fixa- 
tion was invented. Certain complications, such as localized infection, 
failure of union and even stiffness of joints are much more likely to 
occur in any ambulatory fracture patient. 

A final point that I should like to emphasize is that it is seldom nec- 
essary to experiment upon the patient with new methods or techniques. 
It is quite possible to decide upon theoretical grounds whether a new 
treatment is likely to do more harm than good. If a proposed treatment 
is inefficient for fracture reduction, if it fails to provide or prevents 
adequate drainage of an infected wound, if there will be motion or 
muscle spasm or pain in a fracture area, if the fracture must be read- 
justed after reduction, or if the wound must be traumatized or exposed 
to reinfection, the new method is probably not worth a trial. It will 
usually be better to adhere to the methods we now have and that do not 
neglect or violate the fundamentals of reduction, asepsis, drainage, im- 
mobilization and rest. 

It is always the duty of the surgeon, not only to provide proper 
conditions for recovery, but to protect the patient, as far as possible, 
against his own voluntary, or involuntar)’-, violations of the treatment 
regime, or other indiscretions. 


The contention llint the cncK of the fm£:mcnt5 scpnrnlc because of ah'^orption anrl mu*-! be brouirlit 
together by secondary adju'^tnient is al^o wronjj. If the fragment.* arc in correct position and truly 
immobilired from tlie beginninp, nb'-orption at the ends will not occur. 
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EVALUATION OF DRUGS USED 
IN THE TREATMENT OF 
CARDIOVASCULAR DISEASES* 

Arthur C. DeGraff 


Samuel A. Brmvn Professor of Therapeutics, New York- University College of Medicine 


make an evaluation of all drugs used in the treatment of 
heart diseases in the time allotted to me is obviously im- 
possible. Since I cannot cover the whole held, I will 
limit myself to those problems in drug therapy that seem 
to me to be of greatest interest. Drugs are, of course, not 
the only forms of treatment used in cardiology. Bed rest, diet, nursing 
care, physical therapy and, not the least, psychotherapy, all play impor- 
tant roles in the management of any patient with heart disease. Thus, 
in discussing certain phases of drug therapy tonight, I do not want to 
leave the impression that other therapeutic measures are either unim- 
portant or unnecessary. 

In presenting treatment from the standpoint of the drug rather than 
that of the patient we are not following the usual pattern. The point 
of view is that of a pharmacologist rather than that of the clinician. 
Although as a general rule this method of presentation is the least desir- 
able, still there are certain advantages in so doing occasionally. A doctor 
is inclined to get lazy in his thinking after the diagnosis is made, and he 
may then prescribe potent remedies without having any more knowl- 
edge of the underlying actions and potential dangers of these drugs than 
the patient has to whom he is giving them. The doctor thus needs these 
facts brought to his attention, and an occasional review of basic phar- 
macology is desirable. I would suggest that a good textbook of pharma- 
cology of recent vintage be available for ready reference on every 
doctor’s bookshelf. 

Digitalis is still one of the most important drugs used in the treat- 
ment of diseases of the heart. Its chief use is in the treatment of con- 
gestive heart failure, although it can sometimes be used to control the 
rapid ventricular rate of auricular fibrillation when heart failure is not 

before the Graduate Fortnight at The New York Academy of Medicine on October 16, 1941. 
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present, and to reduce the number of ventricular premature contrac- 
tions when they are bothersome. It would seem hardly necessar)' to take 
up much time on digitalis except for the fact that some interesting 
developments have occurred in the last few years. Wc need not discuss 
the importance of controlling the use of digitalis by a preliminar)’- period 
of bed rest until weight is constant, and after digitalis is given by noting 
the weight loss, by charting the ventricular rate in the case of auricular 
fibrillation and by noting daily the changes in the patient’s symptoms 
and physical signs; nor is it necessary to point out that the initial digi- 
talization must be made rapidly so that the concentration of digitalis in 
the body will be built up rapidly. I will leave the familiar aspects of 
digitalis therapy, therefore, to discuss two important developments in 
the digitalis field. These have occurred in the matter of bio-assay and 
in the use of the pure glycosides to replace the powdered leaf and the 
tincture. 

The U. S. Pharmacopoeia in the Twelfth Revision has finally adopted 
the cat method of assay as official and the monograph is now in the 
process of being written. For many years clinicians have known that 
preparations fJf digitalis standardized on the cat are much more reliable 
than those standardized on the frog. Quite recently Gold et aP have 
show’n by direct studies on man that the assay on the cat more closely 
approximates the values that we want than the assay on the frog. After 
all, the only purpose of a biological assay is to give us some indication 
of the possible potency in man. If the assay does not do this, as it 
apparendy did not do with the frog, the assay is valueless. The term 
“cat unit” should be discouraged because the unit which will be estab- 
lished is not an absolute unit based on a lethal dose for a cat, but is a 
comparative unit based on the results obtained by cat assay on an 
unknown in comparison with a simultaneous cat assay on the standard 
pharmacopoeial digitalis powder. “Digitalis unit” will be the only term 
used regardless of the method of bio-assay. All preparations of digitalis 
should be checked on man because even the cat assay, although closer 
than the frog, may occa.sionally be off, pardcularly if the digitalis con- 
tains an unusually large amount of a slowly eliminated fraction. The 
suggestion has been made that all assays should be made in man and 
that the changes produced in the electrocardiogram should be used as 
the endpoint. However, anyone who has had a reasonable amount of 
experience with the effects of digitalis on the electrocardiogram will 
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CARDIAC GLYCOSIDES 


Fig. 1. Chemical Structure of the Cardiac Glycosides 


know that there is no constant relationship between the therapeutic and 
toxic doses of digitalis and the electrocardiographic changes. Recently 
a carefully controlled study by Geiger, Blaney and Druckemiller“ caused 
them to come to the conclusion “that the electrocardiogram has no prac- 
tical clinical value for the quantitative estimation of digitalis saturation 
of patients.” They found that the depression of the ST segment and 
diminished amplitude of the T waves occurred in less than one-half of 
the electrocardiograms of digitalized patients and that the onset and 
progression of such changes, when they did occur, were unrelated to 
the amount of digitalis that had been given. It is only in very carefully 
selected patients that the ventricular rate in auricular fibrillation can be 
used for comparative digitalis studies, and then the conclusions must be 
drawn only with extreme caution. The ventricular rate in some patients 
with auricular fibrillation may fail to normal on bed rest alone. Other 
patients who have had a rapid ventricular rate before digitalis, on digi- 
talization* develop a slow rate and then, in spite of the fact that no 
digitalis is given for several weeks, the ventricular rate does not return 
to the original level. 

Since the cat assay, even though it is better than the frog assay, occa- - 
sionally gives false information as to the anticipated potency in man, 
search is still being made for a better method of bio-assay. Let us hope 
when such a method is found it will not take a twenty years’ fight to 
make it official. A method which looks promising is the embryonic chick 
heart assay method, first described by Paff^-^ and now being investi- 
gated in our laboratory. It has the advantage of lower cost, shorter time 
for the assay, and greater availability of biological material. 
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In the incnntiinc, investigntion on the pure glvcnsidcs found in 
dicitnlis nnd other related pharmacological substances has progressed to 
the jioint where it would appear that eventually these pure substances 
will entireh' replace the crude drug and the need for bio-assay "‘ill no 
longer exist. 

The chemical structure of the cardiac trlvcosidcs is interesting in that 
it contains the sterol nucleus which is common to the estrogens and 
androgens, corticosterone, vitamin D and cholesterol (Figure I). The 
occurrence of this nucleus, particularly in common xt'ith the homiones 
found in the body, naturally arouses interesting chemical speculations. 
The butvro-lactone ring is contained in the basic structure of the genin 
f)r agluconc. \’ariations in the genin occur with various substituent 
groujxs on the nucleus. The desoxv sugar is attached at number 3 posi- 
tion. The term “glycoside” rather than “glucoside” should be used be- 
cause a desoxy sugar is always present and glucose is frequently absent 
and, furthermore, if present, is not c.sscntial for the glycoside action. 

Many modifications arc possible both in the genin and in the attached 
sugars. I'hus, ndicn we speak of cardiac gh’cosidcs we speak of chem- 
ically related and not identical .substances. Like the series of amines 
related to ejdiedrinc, \\ here variations in action arc noted, for example 
between cphcdrinc and neo-.synephrin, we must expect variations in 
the actions of the individual cardiac glycosides. There arc differences in 

w • 

rates of absorption, differences in rates of elimination, as well as other 
pharmacological differences. The cat assay is particularly unreliable 
when applied to the cardiac glycosidc.s. For instance, a patient can be 
maintained on about one-quarter the cat a.ssaycd amount of Digitoxin 
as he can on po^vdcrcd leaf. It is important, therefore, to learn the dose 
of each glycoside in terms of mgm. actual M'cight and nor in bio-assa\’ 
units.' 

Mercurial diuretics arc firmly established as essential drugs in the 
treatment of congestive heart failure not responding to digitalis. Dyspnea 
alone in the absence of edema has been shown to be relieved by the 
use 0} mercurial diuretics as shown by the vital capacirv .studies of 
Alsever nnd Levine.*^ Fluid accumulations due to cirrhosis of the liver, 
thronibr>phlcbiris. or .abdominal ncopla.s'ms mav be diminished by this 
form of thcrapv. 

1 he necessity for the combination of thcopln'lline with the mcr- 
ttirial salt is now thoroughly recognized. .Manufacturers have followed 
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COMPARATIVE EFFECTIVENESS OF MERCURIAL DIURETICS WHEN 
ADMINISTERED BY THE ORAL, PARENTERAL AND RECTAL ROUTES 


Diuretic 

Humber 

of 

trials 

Trials | 
successful 

i 

Number 

of 

patients 

Patients 

successfully 

treated 

Num- 

ber 

Per 

cent 

Num- 

ber 

Per 

cent 

Salyrgan-Theophylline by mouth (5 

1 






tablets) 

56 

40 

71.5 

29 

22 

75.8 

Salyrgan-Theopiiylline intravenously 

37 

35 

94.6 

24 

23 

95.8 

Mercupurin intravenously 

60 

55 

91.7 

30 

29 

96,6 

Mercurin suppository 

22 

14 

63.6 

13 

6 

46.1 

Salyrgan (modified) suppository 

20 

10 

50.0 

11 

8 

72,7 


Reprinted from the American Heart Journal by permission of The C. Mosby Company. 


the lead of mercupurin, the first mercurial diuretic to contain theophyl- 
line chemically combined with the mercurial salt. When originally in- 
troduced, the theoretical reason for the combination was that there was 
produced a more potent diuretic by the synergistic action of a mer- 
curial with a xanthine. The effect was obtained, but not for the reason 
assigned by the original investigators, Issekutz and V egh.'^ The presence 
of theophylline in molar equivalents to that of the mercurial salt has 
been shown to prevent necrosis at the site of injection.® Furthermore, 
the increase in diuresis over that of the simple mercurial was due to more 
rapid and complete absorption.® Sloughs and ulcers, gangrene and other 
serious local complications formerly found as a common occurrence 
with the injection of mercurial diuretics are now exceedingly rare. 

Although methods of administration other than by the intravenous 
or intramuscular route are now used, none are quite as effective (see 
Table I). The intravenous route is almost 100 per cent effective. At the 
time this table was made we had just completed our study on salyrgan- 
theophylline tablets administered by mouth to hospital patients with 
large amounts of edema.^® The results looked very promising. Subse- 
quent studies on ambulatory patients, however, were not so encouraging. 
It would appear that the less retained fluid there is, the higher is the 
incidence of undesirable side actions, particularly gastrointestinal irri- 
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tation. It is our present opinion, therefore, that only in an occasional 
ambulatory patient is it desirable to use the tablets orally. The supposi- 
tories seem to be tolerated much better. 

The possible to.\ic effects on the kidney are well known and should 
be M'atched for. The presence of increasing albumin, casts or a greater 
number of red blood cells are danger signals. Very rarely a patient may 
suddenly go into shock or even die shortly after an intravenous injec- 
tion of a mercurial diuretic. This accident is fortunately very rare. 
Animal experiments have sho'wn that sudden death shortly after the 
administration of a mercurial diuretic intravenously is probably due to 
ventricular fibrillation. Some mercurial diuretics produce this more 
readily, and with smaller doses than others. All mercurials, however, can 
give this effect if a large enough dose is used and injection is sufficiently 
fast. Two notes of caution are, therefore, to be considered in intravenous 
injections: 

1. Never use more than 2 cc. 

2. Draw up blood into the syringe before injection and then take 
plenty of time to inject. 

Mercurial diuretics w^ork more effectively if ammonium chloride, 
ammonium nitrate, urea, potassium chloride or other salts which in 
themselves have diuretic properties are given at the same time. Anuno- 
nium chloride in enteric coated capsules is probably the most convenient 
form and the one best tolerated by the patient. 

One cannot well leave out of this discussion drugs used in the treat- 
ment of the anginal syndrome, since this condition is so common. De- 
parting for the moment from our set plan to discuss drugs only, we 
might briefly review the important points in treatment. 

First and foremost is the necessity for a correct diagnosis. Every 
pain in the chest is not the anginal syndrome. Second, the anxiety 
factor is prominent and psychotherapy is, therefore, necessaty. Third, 
.supportive treatment is often more important than so-called specific 
therapy. This includes the use of sedatives. Also might be mentioned the 
relief of flatulence by some member of the atropine group, of which 
novatropine is probably the best example. Fourth is specific therapy 
directed towards dilating coronaty arteries. The main drugs in this 
group are the nitrites and the xanthines. 

Of the nitrites, nitroglycerine is still pre-eminently the best. The 
nitrites relax all smooth muscle, for instance in the bronchi, in the biliaty 
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tract and in the intestine, if spasm is present. Relief of pain, therefore, 
when nitroglycerine is used does not presuppose the presence of coro- 
nary artery disease. The longer acting nitrates, such as erythrol tetra- 
nitrate and mannitol hexanitrate, have a limited use because many pa- 
tients develop side actions. 

The greatest controversy at present exists over use of the xanthines, 
particularly aminophylline. It might be well to review briefly the evi- 
dence for and against their use. 

In a perfused rabbit’s heart Fowler, Hurewitz and Smith“ found that 
aminophylline caused greater and more consistent increase in coronary 
flow than any other member of the xanthine group. These observers 
also found that the drug when given by mouth to dogs after ligation of 
a coronary artery promoted an extensive collateral circulation. Wiggers 
and Green,^^ also working on dogs concluded from their experiments 
that “an increase in collateral circulation suIEcient to be of functional 
use cannot be attained by use of vaso-dilating drugs after complete 
coronary occlusion.” Gold, Travell and ModelP^ ligated various coro- 
nary arteries in cats and then found that intensive use of aminophylline 
for three weeks produced no effect on the systemic blood pressure, or 
the course of the electrocardiographic changes nor did it reduce the size 
of the infarct. The weight of experimental evidence would indicate that 
little if any increase in coronary bloodfloAV would result from the use 
of aminophylline. However, in man, Levy, Bruenn and Williams, using 
induced anoxemia in patients subject to attacks of cardiac pain caused 
by coronary sclerosis, found that aminophylline injected intravenously 
caused a prolongation of 63 per cent in the time of appearance of pain. 
At the same time RS-T deviation was diminished by 58 per cent. When 
aminophylline was taken by mouth, there was a prolongation of 26 per 
cent in the time of the appearance of pain and the RS-T deviation was 
diminished by 32 per cent. This work would suggest some coronary 
artery vasodilation by aminophylline, more pronounced udien given 
intravenously, but still noted in one-quarter of the patients when the 
drug is given by mouth. Riseman and Brown^'^ studied the effect of 
xanthines and other drugs on patients udth the anginal syndrome using 
the exercise test as an objective method for measurement. They found 
that one-half of the patients were benefited by aminophylline if a large 
enough dose were used. Ho\vever, clinical tests controlled by placebos 
have shown that aminophylline or other xanthines have no superiority 
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over the placebos.*®’ 

It is evident then that there is considerable doubt as to Avhether or 
not aminophylline is of value as a coronarj' vasodilator in man. However, 
no investigator has found the drug to be dangerous, \t'hen given by 
mouth, so it can, therefore, be safely assumed that even though the amin- 
ophylline may do the patient no good, it can certainly do him no harm. 
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gSZSHHHSHSHSE^EUKEMiA presumably arises more or less locally, as in 
marrow or lymph nodes, and only subsequently pro- 
gresses to involve other tissues than those normally con- 
cerned in the production of leukocytes. Nevertheless, as 
a‘E5ESESasS5HS§ observed clinically in the human subject, it is invariably 
a generalized disease. Thus, it is not at present conceivable that any 
method of regional treatment can do more than palliate by causing re- 
gression of the main symptom-producing foci. 

Yet the method of treatment chiefly relied on in the past three 
decades for the palliative treatment of leukemia has been local irradia- 
tion, especially by x-rays. This has been a natural consequence of the dis- 
covery that leukemia is a radiosensitive process, and of the gradual de- 
velopment of roentgen therapy as applied to various neoplastic processes. 

While striking remissions can be caused by suitable local irradiation, di- 
rected to spleen, lymph nodes, bones, or other sites of leukemic infiltra- 
tion, admittedly this focal attack is at best only an expedient, and leaves 
much of the disease untreated, so that eventually the process as a whole 
progresses beyond control and the patient dies. Statistical studies of 
results of local irradiation for leukemia show that there may be at 
best a lengthening of duration of survival by only a few months, al- 
though undoubtedly during the patient’s remaining span of life he may 
secure notable remissions which otherwise he could not hope to have. 
While the occasional patient may survive for ten years or more, most 
of them die within three years. About 6 per cent of patients with 
chronic myelogenous leukemia and about 9 or lo per cent with chronic 
lymphogenous leukemia suntive five years from the beginning o 

treatment.^ 

Recognizing the fallacy of attempting to control leukemia, a gen- 
eralized disease, by local irradiation, numerous workers, particularly m 

before the Section of Medicine of The New York Academy of Medicine, November 18, 1941. 




T reatmertt of Leiikei?m by Radioactive Phosphorus 


-55 


the past decade have sought to treat the disease in toto by so-called 
spray irradiation of large segments of the body or by total body irradia- 
tion, These methods bring about a nearly uniform distribution of radiant 
energy throughout large segments of the body or the whole body. To 
be effective in palliation, the dose must be kept within the limits of the 
patient’s tolerance, and at the same time must be sufficiently great to 
have an appreciable effect on the radiosensitive leukemic tissues. The 
principle on which this irradiation of all the body tissues is based is the 
differential in radiosensitivity between leukemic and normal tissues. 
While notable palliations are observed in many instances in the treat- 
ment of leukemia by spray or whole body irradiation, the obvious limi- 
tation lies in the fact that the patient’s tolerance of whole body irradi- 
ation is nowhere near sufficiently great to permit taking full advantage 
of the differential in sensitivity between leukemic and normal tissues. 

If, then, it became possible to deliver radiant energy in consider^ 
ably higher concentration to the leukemic tissues which are usually 
more radiosensitive than the normal cells, the damage done to the leu- 
kemic tissues would be greater than to the normal tissues, and therefore 
M'e would approach a more nearly ideal method of treatment of leuke- 
mia by irradiation. 

This ideal seems to be approached by radioactive phosphorus ther- 
apy. Yet it is necessary to keep in mind that treatment of leukemia 
by radioactive phosphorus is simply another method of whole body 
irradiation, and that probably it will be found sooner or later that no 
form of irradiation is the answer to the problem of the treatment of 
leukemia. 


Phosphorus Metabolism ix Leukemla 

The importance of phosphorus as an element in the metabolism in 
leukemia is emphasized by Forkner^ as follows: 

“In chronic leukemia, untreated or not recently treated, there is 
usually a marked elevation of the blood phosphorus due to the total 
phosphorus content of cells, especially immature white cells. The phos- 
phorus of the plasma varies greatly but remains within normal limits. 

“Treatment of leukemia Avith roentgen rays or by means of radium 
results in a further increase of organic phosphorus in the blood and a 
transitoty marked increase of organic phosphorus in the plasma, these 
values returning to normal as the patient is benefited and as the leuko- 
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cytes approach normal values in the blood. 

“No variations of inorganic phosphorus occur in the plasma or cells 
before, during or following treatment \tdth roentgen rays.” 

Studies made within the past year by Abels^’ at Memorial Hospital 
of the post-irradiation changes in the organic phosphorus in the blood 
of patients with leukemia showed a marked agitation of organic acid 
soluble phosphorus levels in the leukocytes and usually in the erythro- 
cytes after administration of radiation by any one of three methods: 
radioactive phosphorus, precordial x-ray therapy, and whole body x-ray 
therapy. The administration of non-radioactive phosphorus was not fol- 
lowed by significant alterations in phosphorus content of the blood cells. 

Lawrence and his co-workers'*’"*® of the University of California 
have shown both in mice and in humans that radiophosphorus given 
in the form of sodium phosphate concentrates at first in the bone mar- 
row and those tissues infiltrated with leukemic cells, and later concen- 
trates in the osseous tissues. 

Tracer studies made at Memorial Hospital by John Kenney'* have 
confirmed the fact that leukemic tissues pick up radioactive phosphorus 
in greater concentration than do normal tissues. AVhat we term the dif- 
ferential absorption ratio for various tissues is determined as follows: 

The amount of P-32 actually present in a given weight of a par- 
ticular tissue as determined by measurement by means of the Geiger 
counter is divided by the amount of P-32 that would be present in tlie 
same weight of tissue were the administered amount, corrected for 
decay, evenly distributed throughout the body. In this manner it has 
been found that while normal lymph nodes show a differential absorp- 
tion ratio of from 1.2 to 2.2, lymphosarcomatous or leukemic nodes show 
a differential ratio of from 2.2 to 12, averaging about three. 

The factor of loss of active substance is also of great importance, 
loss by failure of absorption, by excretion, and by decay of radioacti- 
vity. Loss in the stools during the first four days after administration of 
an oral dose of P-32 depends on the amount given, and may total from 
less than 20 per cent to as much as 50 per cent. After the first four 
days the daily loss in the stools is less than i per cent of the retained 
body dose. Urinarj^ excretion during the first 4 days totals about 10 per 
cent of the administered dose, and thereafter averages less than i per 

cent of the retained body dose per day. 

The rate of disintegration of the radioactive material is also impor- 
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tant. Since the half-life of P-32 is 14.3 days, it follows that in three 
weeks 75 per cent of the administered material has decayed. 

Taking into account these sources of loss, it is obvious that in three 
weeks very little activity remains. Thus there is little fear of unduly 
prolonged radiation effects from P-32. 

Radioactive phosphorus or P-32, like other artificially produced 
radioactive isotopes, is a product of the cyclotron or so-called atom 
smashing machine. Ordinary red phosphorus wdth an atomic weight of 
3 1 is bombarded by nuclei of heavy hydrogen (deuterons) moving at a 
high velocity (energy 16 million electron volts). The result is that about 
one in every million atoms of the red phosphorus is converted to radio- 
active phosphorus with an atomic weight of 32 (hence the term P-32). 
The following equation presents the reaction: 

-h -1- 

(red phosphorus) (deuteron) (radioactive (proton) 

phosphorus) 

P-32 disintegrates at an e.xponential rate. Its “half-life” is 14.3 days, 
that is after every 14.3 days there remains only 50 per cent of \vhat 
was present at the beginning of that period. The end product of the dis- 
integration of P-32 is sulphur, loS®-. 

P-32 is measured in millicuries, as is radon (radium emanation), 
based on the number of atomic disintegrations per unit of time. When 
a sample emits 3.7x10' beta particles per second it is said to contain 
one millicurie. It is a peculiar and probably fortunate property of P-32 
that its disintegration causes the emission, not of alpha and beta particles 
and gamma rays as does radon, but only of beta particles, which have 
a penetrating poM^er in tissue of only about 2 mm. on the average. 

It is estimated, for purposes of comparison with x-ray therapy, that 
I millicurie retained for tv^enty-four hours by an adult of 70 kg. weight, 
would deliver the equivalent of 0.6 roentgens of whole body radiation. 

Through the courtesy of John H. LaM^rence of the University of 
California we have received at Memorial Hospital for the past 2 years 
regular shipments of an aqueous solution of dibasic sodium phosphate 
containing about 15 milligrams of phosphate per cc. of solution, repre- 
senting a mixture of radioactive and inactive phosphorus. (About one 
in every million atoms of the phosphorus is radioactive.) 
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Upon receipt each shipment is re-measured for its radioactivity per 
cc. It is then a simple matter to measure out from day to day individual 
doses as requisitioned, making of course, proper correction for the rate> 
of loss by disintegration. 

P-32 may be given orally, intravenously, or by other parenteral 
routes.®’® We have used the oral route almost routinely. In some in- 
stances we attempted intravenous use of the solution sterilized by boil- 
ing after its receipt in New York, but found such an incidence of reac- 
tions evidently due to some pyrogenic substance that we felt it unsafe 
to continue intravenous administration, unless the material were to be 
made sterile at the source. The only disadvantage of the oral route is 
that about 25 per cent is lost through the feces. 

Dosage of P-32 in Leukemia 

In the beginning of our” work with the treatment of leukemia by 
P-32 we used fairly large single doses at intervals of about a week. 
However, certain evidence has accumulated that has led us to believe 
it preferable, after evaluation of the patient’s status, to select a certain 
dose related definitely to the patient’s body weight and to divide this 
dose into 5 to 7 fractions, to be administered one a day. This division 
of dosage apparently reduces the excretory loss of phosphorus and prob- 
ably favors a more complete pick-up by the leukemic cells. 

The evaluation of the patient’s status is fully as important if not 
even more so, as in selection of dosages of conventional radiation. The 
general condition of the patient, the degree of acuteness or chronicity 
of the leukemic process, as reflected by both clinical and hematological 
findings, and in particular the degree of remaining erythropoietic ac- 
tivity in the marrow, as estimated by sternal puncture, are the mam 
factors considered in deciding what dose of P-32 to give. 

To an adult in good general condition with chronic leukemia, and 
with evidence by sternal puncture of good erythropoiesis, the first mtal 
dose may amount to 70 to too microcuries per kg. of body weight. 
Thus to such an adult weighing 70 kg. a total of 5 to 7 millicunes may 
be administered in fractions of about i millicurie given daily for five 

to seven days. . . . , r 

To an adult in less favorable condition, with evidence of a more acute 

process, or with reduced erythropoiesis, the total dose to be administered 
in the first course may be reduced to as little as 20 microcuries per kg. 
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When trials are made of the use of P-32 in acute leukemia in chil- 
dren, we favor great caution in dosage, just as with conventional x-ray 
therapy. 

In any less favorable case it seems advisable to begin with a single 
test dose, and observe the patient for two or three days to see what 
reaction if any is induced. 

Depending on the response to the first course, subsequent courses 
may be given, usually in somewhat smaller dosage, leaving an interval 
of I to 2 weeks between courses. It is impossible to give any definite 
figure as to optimum total dosage. 

Erf, Tuttle, and Lawrence'* state that their first doses were deter- 
mined by the following considerations: 

“The lethal dose of radio-phosphorus for a 20 gram mouse is ap- 
proximately that amount given intraperitoneally which emits 70 micro- 
curies of beta-radiation; for a 6 pound monkey, 7 millicuries by the same 
route. These results suggest that the lethal dose of radio-phosphorus 
for an average adult human would be well over one hundred milhcuries.” 

Their figures for single lethal doses in animals may be computed 
to work out to 3500 microcuries per kg. for mice and 2600 microcuries 
per kg. for monkeys. For a 70 kg. adult their estimate of 100 millicuries 
would be a conservative one of only about 1400 microcuries per kg. 
However, I believe it should be noted that any estimate of a lethal dose 
of radiation for a normal animal or human may need to be considerably 
modified when applied to a leukemic patient. 

It would seem safer, for the present, to regard P-32 as a palliative, 
as another form of whole body irradiation. Many situations arise in 
cases treated by P-32 suggesting the addition of conventional local x-ray 
therapy. For example, when a patient who has had some treatment by 
P-32 shows a decrease of erythropoiesis in his marrow, but still has a 
large spleen or masses of nodes that have not satisfactorily regressed, 
suitable doses of local x-rays may be given such fields to advantage, 
with less risk of further depletion of the marrow than would be en- 
tailed by further P-32 therapy. It is noteworthy that the ingestion of 
radioactive phosphorus is not followed by symptoms of acute radiation 
sickness. 

Results 

From February 1940 to date*, thirty-eight cases of leukemia have 


* November 18, 1941. 
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been treated by radioactive phosphorus. The follow-up is complete. 
These cases comprise twenty-two of the chronic type, fifteen acute, and 
one eosinophilic. The results may be summarized as follows: 

1 . Eleven cases of chronic myelogenous leukemia of adults. 

Three died in 20.5, 4, and 4 months respectively following the be- 
ginning of P-32 therapy. All three appeared to have had a good result 
and to be under control until shortly before death. Eight are living, ii, 

1 1, 9, 5, 5, 3, I and I month since treatment began. Of the tvhole group 
of eleven cases, seven, including the one who died after 20.5 months, 
showed definite evidence that P-32 is an effective therapeutic agent in 
this type of leukemia. In there was no control, and ttvo others 
have begun treatment so recently that nothing can be said about results 
in them. The total doses used in those who have been treated over 
any extensive period have been from 260 to 960 microcuries per kilogram. 

2. Acute and subacute myelogenous leukemia, one case of each. 
Both patients died, one in one week and the other in six weeks, with 
no detectable effect of P-32, favorable or unfavorable. 

3. Chronic lymphatic leukemia of adults, eleven cases. 

On the whole this group has been less favorable than the chronic myelo- 
genous cases, in that most of them were well along in their course and 
had had a considerable amount of previous x-ray therapy. Five died from 
two to ten weeks after P-32 was begun. One of these had so little treat- 
ment and for such a short time that his case could fairly be disregarded. 

Six are living, 12, 11.7, 10.3, 5.8 and 4.6 months. 

Three or possibly four of the whole group of eleven have had real 
evidence of control of the disease by P-32; three living, 12, 11.7, and 
10.3 months and one who showed some evidence of control but who 
died in rwm months, with splenic infarction. 

The favorable effects seen in chronic lymphatic leukemia have been 
mainly the regression of enlarged spleens and lymph nodes, while in 
general the blood and marrow have not been notably influenced. 

The doses for those for whom it was possible to give treatment for 
any considerable period were from 150 to 350 microcuries per kg. 

4 Acute lymphatic leukemia of adults. Two cases, both in young 
women with no benefit from P-32, death occurring within a few weeks. 

c. Acute lymphatic leukemia of childhood, eleven cases. Nine pa- 
tients died in from one week to five and one-half months after ^'3 2 
u-as first administered. No real effect was seen in any of these, although 
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one, a five-year-old boy, who received 200 microcuries per kilogram, 
^A^ent home in poor condition, yet did improve for a time, and survived 
longer than we had expected, however, only 3 54 months in all. 

Two children are still living, one for three months, and still under 
treatment and having shown a slight effect on nodes; the other over four 
months and with a remarkable remission. In this case there was' some 
discussion as to whether the result was that of sulfadiazene on an atypi- 
cal acute infection with positive blood cultnre of hemolytic Staphylo- 
coccus aureus and a leukemoid picture, or a true remission of leukemia 
perhaps aided by P-32. A recent relapse, however, gives clear indication 
of the leukemic nature of his illness. 

6. One case of eosinophilic leukemia in a girl of nine years, who also 
has rheumatic heart disease. She has survived six and one-half months 
since P-32 was first administered. She was treated from April 28 to 
July 19, 1941, receiving 260 microcuries per kilogram. On admission 
her white cell count was 134,600, with 90 per cent eosinophiles. Her 
spleen extended three fingers’ breadth below the costal border and she 
had a slight general adenopathy. The red cell count was 3.7 million 
and the hemoglobin 56 per cent. 

On October 16, her hemoglobin was 90 per cent, red cell count 4.2 
million, white cell count 7,250, with 8 per cent eosinophiles. The nodes 
had disappeared, and the spleen was only one finger’s breadth down. 
The liver remained very large, but she is a cardiac cripple and we be- 
lieve the large liver mainly due to the cardiac condition. 

Summary and Conclusions 

1. Radioactive phosphorus offers a means of irradiation whereby 
leukemic tissue throughout the body may be somewhat selectively 
treated, without fear of undue retention of radioactive material. For 
purposes of rough comparison the method may be regarded as somevTat 
analogous to the Heublein or spray methods of whole body irradiation, 
with the possible advantages offered by the differential absorption ratio 
and the localized character of the P-32 irradiation. 

2. P-32 is probably best regarded as simply another means of pallia- 
tion for leukemia, and may be best used in many cases in conjunction 
vdth conventional local irradiation. 

3. It is too early to attempt to compare the results of ivhole body 
irradiation by P-32 with those of spray irradiation by external sources 
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or Heublein therapy. However on theoretical grounds P-32 offers the 
advantage of more or less selective irradiation of leukemic tissues. 

4. The results of treatment for leukemia have been as follows: 

Chronic myelogenous leukemia. Excluding two cases whose treat- 
ment has been started in the past few weeks, seven of nine have shown 
clinical and hematological improvement. 

Chronic lymphatic leukemia. In a rather unfavorable group of eleven 
cases, four at the most have shown a good response, by regression of 
spleen and nodes, without much effect on the blood or marrow. 

Acute leukemias. Thirteen of fifteen have shown no evidence of 
favorable response. One survivor has been under treatment only three 
months and is still in a precarious state, while one has survived four 
months and has shown a remarkable remission, until very recently. 

Eosinophilic leukemia. One case, with survival of six and one-half 
months, with remission attributable to P-32. 

5. The study of the use of P-32 in institutions where control of dos- 
age by accurate physical measurements is possible has not yet progressed 
to the point where it is safe to recommend the release of this potent 
agent for general therapeutic use. 
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THE ADRENAL CORTEX AND 
ELECTROLYTE BEHAVIOR 

Harvey Lecture, Decevibei- 18, 1^41 
Robert F. Loeb 
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g5H5HSHSE5HSEafj£ gradual growth of knowledge concerning the func- 
S S tions and interrelations of the endocrine glands has un- 

S S dergone gratifying acceleration in the last two decades. 

K H This progress has resulted primarily from the integration 

yasasESHSSSHsS of clinical and physiological studies which have gained 
both in scope and importance through the dramatic advances of organic 
chemistry. Identification and synthesis of the chemical compounds 
normally elaborated in the glands of internal secretion have furnished 
the clinician and physiologist alike extraordinary opportunities for con- 
trolled observation. The study of the effects of these various compounds 
in spontaneous disease and their action in pathological states arising from 
ablation of endocrine structures as well as the observ'^ation of their effects 


in intact animals has proved most profitable. 

In the past fifteen years interest in the adrenal glands has been fo- 
cused upon cortical function. It has become apparent that control of a 
number of significant and apparently quite dissimilar physiological activi- 
ties is invested in the outer layers of the suprarenal capsules. These ac- 
tivities, hormonal in origin, are now known to include carbohydrate 
metabolism, electrolyte and water metabolism, and probably others. It 
is my purpose this evening to review primarily the role of the adrenal 
cortex in relation to electrolyte behavior. 

The syndrome of salt loss and dehydration with its resultant state of 
shock is characterized clinically by progressive weakness culminating in 
overwhelming prostration, increasing pulse rate associated with falling 
blood pressure, subnormal body temperature, nausea and vomiting, 
sunken eyes, and loss of normal turgor of the subcutaneous tissues.^ Ex- 
amination of the blood in these states of dehydration reveals an increase 
in hematocrit and serum protein, i.e., decrease in water content, a de- 
crease in bicarbonate or chloride content of the serum or a decrease in 
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both accompanying a fall in sodium. AVhen the development of this syn- 
drome is rapid there is also an increase in urea, which appears before the 
final stages of oliguria or anuria develop. The correlation of these clinical 
and chemical disturbances was first established in patients with cholera 
by O’Shaughnessy- in 1831. O’Shaughnessy also demonstrated that the 
intravenous administration of salt and water had a most salutary thera- 
peutic effect. The similarity of the state of dehydration and shock in 
cholera to that in diabetic acidosis gave rise to the treatment of the latter 
condition by the intravenous injection of saline solution by Hilton 
Fagge^ in 18,74. Since that time the presence of the syndrome of dehy- 
dration and shock has been recognized in a number of conditions in 
Mdiich the physiological disturbance results primarily from the loss of 
inorganic base. 

The interest of a group* at the Presbyterian Hospital in problems 
of adrenal physiology developed as a by-product of a long series of 
studies on electrolyte and water metabolism in normal individuals and 
in certain morbid states and was not initiated by a particular interest in 
the endocrine field. The obvious similarity of the syndrome of salt loss 
and dehydration to the familiar clinical picture of acute adrenal insuffi- 
ciency in man, however, led us nine years ago'^ to make chemical sur- 
veys of the blood of a number of patients with Addison’s disease. The 
abnormalities encountered were indeed striking and included a decrease 
in the sodium concentration of the serum with a corresponding drop in 
chloride and bicarbonate, an increase in potassium content of the blood 
serum, a variable increase in non-protein nitrogen, inorganic phosphorus 
and sulfate and calcium as well as hemoconcentration, i.e., decrease in 
plasma volume. Since that time we have had the opportunity of making 
similar observations in more than sixty patients with Addison’s disease 
and the results obtained are in agreement with our initial findings and 
ndth those of Harrop,®-® Thorn,'^ Wilder,® and many others. Further- 
more, they are analogous to those of Baumann and Kurland® made in 
1927 in adrenalectomized cats. 

The decrease in serum sodium concentration in the first three pa- 
tients studied was impressive and in the third case, after the sodium had 
dropped under observation to 108.7 liter (Table I), the patient 

M^as treated with salt solution^® following which she made a remarkable 
recovery, having literally been in extremis Mdien therapy was instituted. 


•Drs. D. W. AtcWey, J. StaW, J. W. Ferrebee, C. A. Ragan, Jr., D. Kuliltnann.-D. Parker, and others. 
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Tabu: I 

CORRELATION OF BLOOD CHANGES WITH SALT FEEDING AND SALT 
WITHDRAWAL IN A PATIENT WITH ADDISON’S DISEASE 


Date 

Na 

1 

K 

Cl 

ECO, 

Non- 1 
Protein 
Nitrogen 

Blood 

Pressure 

Remarks 

July 19 
1932 

m. eq. 
per 1. 

123.5 

m. eq. 
per 1. 

5.3 

m. eq. 
per 1. 

88.6 

m. e'q. 
per 1. 

21.8 

mg. per 
100 cc. 

39.0 

85/55 

Blood taken shortly 
after admission. Pro- 
found weakness and 
vomiting. 

July 26 

107.8 

7.1 

72.7 

21.5 

45.0 

65/48 

1 

Critically ill. Almost 
in extremio. No ther- 
apy up to this time. 

Aug. 2 

133.0 

5.1 

93.8 

27.5 

20.6 

84/60 

Treated with a single 
dose of Eschatin and 
then NaCl daily. No 
more vomiting, sitting 
up. 

Nov. 14 

139.9 

4.6 

107.3 

24.3 

20.0 

112/74 

Up and about at home, 
doing part of house- 
work. Eats 7 gms. of 
NaCl daily plus diet. 
Slight putoess of eye- 
lids. 

Jan. 24 
1933 

126.8 

5.7 

92.3 

21.2 

35.0 

86/60 

After 7 days salt-poor 
diet, weak and vomit- 
ing frequently. Con- 
fined to bed. 

Jan. 30 

138.0 

5.0 

103,5 

25.9 

25.0 

122/80 

After no further treat- 
ment except NaCl 
added to diet and 
given by rectum. No 
vomiting. Much 

stronger. 


Subsequently, salt was withdrawn from the patient’s diet with the result 
that a moderate crisis was precipitated in 7 days. Following the read- 
ministration of salt and \^"ater, the patient improved strildngly and was 
able to return home. The clinical improvement was associated with the 
correction of the chemical disturbances observed in the blood serum. 

These observ^ations demonstrated, among other changes, that ( i ) the 
acute adrenal insufficiency of Addison’s disease is usually associated with 
a sharp decrease in the sodium content of the blood serum, (2) that the 
withdrawal of the sodium ion from the diet may induce acute adrenal 
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SODIUM LOSS FOLLOWING 
ADRENALECTOMY ^N DOGS 



Fig. 1 — Relation of sodium intake to renal so- 
dium excretion before and after adrenalectomy. 
Tlie great loss of sodium which follows adren- 
alectomy takes place through the kidneys. 


insufficiency and that (3) this may be alleviated with correction of the 
various electrolyte disturbances by the readministration of salt and 
Avater. This is now an old and familiar story. Harrop, Soffer, Nicholson 
and Strauss^^ and also Allers^^ subsequently demonstrated that adrenal- 
ectomized dogs may be maintained in relatively good health for many 
months without the use of cortical extract, if given large enough amounts 
of sodium chloride to which is added sodium bicarbonate or citrate. 

The next step in these studies was concerned with the mechanism 
by which the sodium concentration of the serum is reduced in adrenal 
insufficiency. For this purpose we studied in dogs the effects of adrena- 
lectomy upon electrolyte balances as well as upon changes in serum 
electrolyte concentrations.^^ Upon removal of both glands, the familiar 
chemical pattern of the blood in acute adrenal insufficiency appeared 
and this, among other changes, was associated with a striking increase 
in the excretion of the sodium ion (Fig. i ) as well as of chloride by the 
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Fig. 2— Tlie effect of adrenalectomy upon tlie 
excretion of sodium in relation to urine volume. 
Tlie total columns represent the daily urine vol- 
ume and tlie black columns the daily sodium 
excretion. The low values following adrenalec- 
tomy in Dog 1 result from including the terminal 
oliguria in calculating the average daily excretion. 


kidneys. The loss of base was sufficiently great to indicate that sodium 
must have come from sources other than the blood stream alone. Not 
only was the renal excretion of sodium increased after adrenalectomy, 
but also the concentration of this ion in the urine was augmented de- 
spite the fact that the urine volume was greater in the first days after 
operation than before (Fig. 2). These observations, as well as the later 
studies of Harrop^'*’ demonstrated that the decrease in sodium content 
of the blood in acute adrenal insufficiency is dependent upon an increase 
in the renal excretion of this ion and not solely upon its internal redis- 
tribution. This is borne out by the recent studies of Munnvyler et aP® 
who found that, “The outstanding changes of the skeletal muscles of 
dogs in adrenal insufficiency were a loss of sodium and a gain of water.” 
The lowered concentration of sodium in the blood serum and intersti- 
tial fluid following the increased renal excretion of this ion necessitates 
an osmotic readjustment \vhich, according to Darrow and Yannet^' and 
Harrison and Darrov',^® is reflected by a gain in water limited to the 
cells. The idea that redistribution of water and sodium, as well as their 
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excretion, plays a significant part in adrenal insufficiency appears valid 
from the observations of Harrop,^®’ Swingle and his associates, and 
of Muntwyler et al.^^’ The evidence is based upon results obtained when 
large amounts of cortical extract are given to dogs in acute insufficiency 
during which both fluid and food are withheld for 24 to 48 hours. 
Under these circumstances, i,e., when there is no intake of sodium and 
its excretion is reduced by cortical hormone, there results an increase in 
the concentration of sodium in the blood serum. It is believed that this 
increase in serum sodium concentration is due to a shift of interstitial 
fluid to the blood stream, which results in hemodilution, followed by a 
more rapid excretion of water than of sodium. It is also believed that 
a shift of intracellular water contributes to hemodilution and increased 
water excretion, as well as to the augmentation of potassium excretion 
in this type of experiment. 

After having ascertained that an unusually great loss of sodium 
takes place through the kidneys following the development of acute 
adrenal insufficiency, an attempt was made to pursue the mechanism of 
this disturbance a little further. Despite the fact that ketosis is, as a rule, 
insignificant in acute adrenal insufficiency and despite the fact that Har- 
rop2“ had found no increase in the lactic acid content of the blood in 
the adrenalectomized dog, nor we in a patient, it seemed necessary to 
establish whether or not the presence of some other organic acid might 
be responsible for the abnormal loss of fixed base. This problem was 
studied indirectly by determining the titratable acid and ammonia ex- 
cretion in a patient^® developing adrenal insufficiency under obsen’^ation 
and also by following ammonia excretion in the adrenalectomized dog^^ 
deprived of cortical extract. In neither instance was an increase observed, 
as might have been anticipated were an organic acid to be excreted in 
large amounts. As a matter of fact, ammonia excretion actually decreased 
slightly with the advance of insufficiency. These observations were con- 
siderably extended by Jimenez-Diaz==^ who then explained the loss of 
sodium on the failure of the ammonia mechanism. This hypothesis does 
not appear to be tenable because the order of magmtude of the failure 
of the ammonia mechanism is not great and only becomes manifest rela- 
tively late in the development of cortical insufficiency. 

In default of direct proof, it is tempting to assume that the increased 
excretion of sodium in adrenal insufficiency depends upon the loss of 
the normal power of reabsorption of this ion by the renal tubules. This 
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will be discussed in derail later. 

Intimately related to the disturbances of sodium and water behavior 
in adrenal insufficiency are abnormalities in the behavior of the potas- 
sium ion. Baumann and Kurland,® Hastings and Compere,-® Zwemer,-’ 
KendalP® and others have commented upon the regularity with which, 
in animals, the concentration of potassium is increased in the blood 
serum. We obsen^-ed a similar increase in patients with Addison’s dis- 
ease,®® but the normal levels were exceeded with perhaps less regularity 
than in adrenalectomized animals. 

From the physiological standpoint, abnormalities in the behavior of 
the potassium ion appear to bear a mirror image to those of the sodium 
ion. In contrast to the abnormally increased excretion of the sodium ion, 
Harrop^^ showed that potassium is retained by adrenalectomized dogs. 
Subsequently Harrop®® and Thorn®^ showed that large amounts of cor- 
tical extract would increase the excretion of potassium and decrease the 
excretion of sodium in normal and adrenalectomized animals as well as 
in human subjects. The retention of potassium in acute adrenal insuffi- 
ciency is not only demonstrated by its increase in blood serum but also 
by some increase in the muscle cells as shown by Harrow and his asso- 
ciates.^® This potassium retention in the cells is associated with an increase 
in intracellular water. As previously mentioned, the accumulation of 
water in the cells may, according to Harrow and Yannet,^' result from 
the osmotic disturbance initiated by the loss of sodium from the body. 
The mechanism for the abnormal behavior of potassium, like that of 
sodium, appears at least in part, to find its origin in the kidney. Thus, 
Harrison and Harrow®® have shown that the potassium ion is not con- 
centrated normally by the kidneys of adrenalectomized animals even 
when they are maintained in good condition by the ingestion of extra 
sodium chloride. Furthermore, Talbott®® has recently demonstrated that 
the potassium clearances of patients with Addison’s disease are abnor- 
mally low even after prolonged and adequate treatment with desoxy- 
corticosterone esters. 

It has been pointed out by Zwemer®' that adrenalectomized animals 
are killed by the ingestion or injection of relatively small doses of potas- 
sium salts. This observation can be explained on the basis of the lowered 
excretory capacity for the potassium ion and also by the fact that added 
potassium has been shown by Harrop,®® as well as by \^ffider and his 
coworkers,®'* to further the excretion of an already depleted supply of 
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sodium in the body. Despite the toxicity of potassium salts in the pres- 
ence of adrenal insufficiency, it seems unlikely that potassium poisoning 
is the cause of death, at least in patients with Addison’s disease. This is 
indicated by the fact that critically ill Addisonian patients with a marked 
decrease in serum sodium concentration at times show little or no reten- 
tion of potassium in the blood serum. 

It may be of interest to indicate here one point of difference between 
the state of dehydration resulting from the loss of base in diabetic 
acidosis^^ and in starvation ketosis on one hand and that of adrenal 
insufficiency on the other. In the former states both sodium and potas- 
sium excretion are increased, whereas in adrenal insufficiency sodium 
excretion only is augmented while that of potassium is diminished. This 
difference may be explained by the specific decrease in the renal clear- 
ance of potassium and possibly by decreased gluconeogenesis from 
body protein due to a loss of cortical adrenal function. 

I should now like to comment on other changes in the activities of 
the kidney in adrenal insufficiency. In ipH* Gaillard®° and also Porak 
and Chabanier®^ observed the presence of nitrogen retention and dis- 
cussed alterations in renal secretion following ablation of the adrenal 
glands. Swingle suggested in 1933"® that nitrogen retention develops 
because of a fall in blood pressure and a decrease in renal blood flow. 
This view is supported by observations of Margitay-Becht and GomorP” 
who found marked decreases in creatinine clearance' in adrenal insuffi- 
ciency. Studies of Stahl, Kuhlmann and Urbaffi® led to the same conclu- 
sion. Talbotff^ has recently made inulin and diodrast clearance studies 
on a group of Addisonian patients in whom the blood sodium concen- 
tration was maintained at a normal level. After treatment with desoxy- 
corticosterone acetate had been continued for many months, these pa- 
tients still showed disturbances in renal function as manifested by a 
decrease in the “filtration fraction” which suggested a diminution in 
efferent arteriolar tone. It seems likely that nitrogen retention and the 
retention of sulfate and phosphate in marked insufficiency may be in 
part accounted for by a decrease in renal blood flow or in efferent arteri- 
olar tone. Whether or not the abnormalities of sodium and potassium 
metabolism and the decrease in ammonia excretion have the same basis 
is not known. It is possible that they have a more specific basis, i.e., one 
in which renal cellular function is altered through the lack of one or 
more substances normally elaborated by the adrenal cortex. For example, 
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Jimenez-Diaz'^ indicated in 1936 that the rate of deaminization of amino 
acids by kidney tissue of adrenalectomized animals is less than normal. 
This has recently been confirmed by Russell and 'V^'^ilhelmi^^ who sug- 
gest that, “the failure of the kidney to deal adequately with electrolytes 
after adrenalectomy may be related to an underlying failure in the 
energy-yielding processes of the kidney.” This point of view may be 
extended to include nitrogen metabolism more generally, as Kendalk- 
has recently shown that concentrated cortical extract contains a sub- 
stance other than desoxycorticosterone v^hich lowers the blood urea 
without increasing sodium retention appreciably. 

Regardless of the validity of these concepts, it is clear that a series 
of profound disturbances appears in the behavior of certain electrolytes 
and water when the products of adrenal cortical tissue no longer circu- 
late in adequate amounts. It also is clear that these disturbances lead to 
dehydration, shock and death. It is also certain that the kidney plays an 
important part in this chain of events. Finally, it is certain that these 
disturbances can be dramatically corrected in patients with Addison’s 
disease and in adrenalectomized animals by the simple procedure of 
administering large quantities of sodium salts and water. The same effects 
can be obtained with large amounts of cortical extract and an adequate 
supply of salt and water. If the intake of potassium is restricted, as shown 
by Wilder, Kendall et al,^^ still more gratifying results may be obtained 
from salt or cortical extract therapy. The similarity of these effects of 
salt and extract are shown in part in Fig. 3. 

One observ^ation has particularly impressed a number of workers in- 
terested in adrenal cortical function. When an animal in severe adrenal 
insufficiency is deprived of food and water, but is given a large dose of 
cortical extract, striking improvement may take place. This improve- 
ment begins before any demonstrable change occurs in the serum sodium, 
potassium or nonprotein nitrogen or the water content of the blood, i.e., 
before any obvious redistribution of fluid can occur.“^ This finding 
makes it apparent that the effect of cortical extract on an animal suffer- 
ing from acute adrenal insufficiency is not limited to its effects upon elec- 
trolyte and \\^ater metabolism. In the light of present day knowledge, it 
seems possible that this immediate response to cortical extract may result 
from carbohydrate-active steroids in the extract. As long as only extracts 
of the adrenal cortex and not specific chemical substances elaborated by 
it were available for study, it was impossible to know definitely whether 
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EFFECT OF EFFECT OF 

SALT WITHDRAWAL CORTIN WITHDRAWAL 



Fig. 3 — Comparison of certain effects of the 
witliclrawal of sodium ion from tlie diet with 
tliose of tile withdrawal of cortical extract in 
an adrenalectomized dog, normally maintained 
with both. The effect upon the serum potas- 
sium level parallels that of the blood urea. 


the effects on carbohydrate metabolism, the effects on electrolyte metab- 
olism and other effects could all be mediated by one substance or 
whether different functions were dependent upon differences in chem- 
ical structure. In patients with Addison’s disease we^“ were unable to 
demonstrate any correlation between the bouts of hypoglycemia and 
disturbances in the electrolyte pattern of the blood serum. That is, 
hypoglycemia occurred when the electrolyte pattern of the blood was 
entirely normal and conversely, in the presence of severe insufficiency 
with marked reduction in serum sodium, the blood sugar was usually 
within normal limits. From these obsen^ations it could be surmised but 
not established that different chemical entities might influence the carbo- 
hydrate and electrolyte functions more or less independently. 

During the past four years the dissection of the specificity of adrenal 
cortical functions has been made possible principally by the chemical 
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CH2OH CH^OH CHjOH 



Desoxycorticosterone 17-Hydroxydesoxycorticosterone 1 1- Dehydracorticosteronz 


CH2OH CHjOH CHjOH 



corticosterone 


Fig. i — Steroids witli known physiological activity isolated from adrenal 
cortical tissue. 


contributions of Kendall'*^- and of Wintersteiner and Pfiffner'*^ in this 
country and of Reichstein^® in Switzerland. Up to the present time there 
have been isolated from the adrenal cortex according to KendaD,'*^ 
twenty-four different steroids. Of these six have been shovm to possess 
physiological activity (Fig. 4). These include desoxycorticosterone, 17- 
hydroxydesoxycorticosterone, corticosterone, 1 1 -dehydrocorticosterone, 
17-hydroxycorticosterone and 1 1 -dehydro- 1 7 hydroxy corticosterone 
kno\vn as compound E of Kendall. How many of the steroids isolated 
from adrenal cortical tissue occur naturally and how many may appear 
as degradation products is not yet known. One of the cortical steroids 
namely desoxycorticosterone, was synthesized by Steiger and Reich- 
stein^® in 1937 and since that rime its effect upon adrenal insufficiency 
has been extensively studied. 

In England, Levy Simpson’*’’^® first obsennd the clinical improve- 
ment of Addisonian patients following both the subcutaneous injection 
and implantation of pellets of desoxycorticosterone acetate. In this coun- 
tr}% Thorn and his associates'*'-^’ \vere the first to make similar but 
much more e.xtensive studies both upon adrenalectomized dogs and upon 
patients with Addison’s disease. Our own clinical studies*^^^, =3 -were en- 


* All de 50 .\ycorticosleronc and corticosterone used in oar studies has been furnished throus^h the cour- 
tesy of Roche-Or^anon, Inc., Xutley, X. J. 
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EFFECT OF TEN DAYS TREATMENT WITH 
DESOXYCORTICOSTERONE PROPIONATE 
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Fig. 5 — Effects observed jis a result of the administration 
of an average daily dose of 19 mg. of desoxycorticosterone 
propionate over a period of 10 days in patients with 
Addison’s disease. 


tirely confirmatory of Thorn’s. It has become clear that the administra- 
tion of desoxycorticosterone esters has the same qualitative effects upon 
water and electrolyte metabolism in adrenal insufficiency as does the 
administration of either large doses of sodium salts or large doses of 
the available commercial cortical extracts given in conjunction with 
salt and water. The magnitude of the effects of even small doses of des- 
oxycorticosterone is much greater than can be obtained by the use of 
salt or of cortical extract. 

The results of desoxycorticosterone treatment in patients with Addi- 
son’s disease are now well known and can be briefly summarized (Fig. 
5). The esters of this steroid cause striking retention of salt and water. 
The rate of retention of the sodium ion usually exceeds that of water 
so that, as a rule, the serum sodium concentration rises to normal and is 
maintained at a normal level as fluid retention continues. In some in- 
stances, however, water is retained more rapidly than sodium so that 
the sodium concentration of the blood serum may actually fall during 
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the first days of treatment. The amount of salt and water retained varies 
greatly in different patients and cannot be correlated with the initial 
serum sodium or protein concentration or with the initial plasma vol- 
ume or with the severity of the disease. For example, one of our patients 
gained 1 1 kilos in the first i o days of treatment with an average daily 
dose of 1 9 mg., and became markedly edematous. Another patient whose 
disease appeared to be equally severe gained but 2 kilos in 30 days with 
an average daily dose of 24 mg. The retention of salt and water is re- 
flected by an increase in interstitial fluid volume as well as by increases 
from 300 to 1200 cc. in plasma volume m the first 10 days of treatment. 

Potassium metabolism, like that of sodium, is profoundly influenced 
in adrenal insufficiency by desoxycorticosterone. Thus, the concentra- 
tion in the blood serum is not only reduced to normal, but has been 
obsen'^ed in some of our patients to fall as low as 2.4 m.eq. per liter. The 
urinar)'^ excretion of potassium increases regularly on the first day or two 
of hormone injection and thereafter becomes variable. 

Disturbances of renal function, as measured by nitrogen retention 
and failure of ammonia excretion, are influenced within the first 24 
hours of deso.xycorticosterone administration. The recent studies of 
Talbott,^* already mentioned, indicate, however, that the improvement 
in renal function brought about by deso.xycorticosterone is not main- 
tained at a normal level over long periods of time despite adequate dos- 
age of hormone, i.e., enough to maintain normal serum values for sodium 
and potassium. 

The effect of desox)^corticosterone esters upon arterial blood pres- 
sure in patients is worthy of comment. The pressure gradually rises to 
normal in the course of 2 to 4 v-eeks of treatment, as it tends to do in 
patients treated with salt alone. This slow recovery stands out in con- 
trast to the almost immediate effects upon water, electrolyte metabolism 
and renal function. In a number of instances, the blood pressure of 
patients treated with desoxycorticosterone esters has exceeded normal 
limits and has been obsen'ed to be 175/110, 160/92, 154/105 and 
146/108 in different patients. The mechanism of this hypertension is not 
understood but a comparison of the effects of deso.xycorticosterone and 
salt in one patient is of interest. In this patient, whose pressure reached 
1 75/1 10 with desoxycorticosterone, crises with a fall in sodium and fall 
in pressure to 85/60 v'ere induced on nvo occasions by the withdrawal 
of salt from the diet. When salt was given in doses of 15 grams daily 
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without any cortical hormone, the blood pressure rose to 160/ 100. At 
autopsy this patient was found to have marked renal arteriolar sclerosis 
and both adrenal glands were replaced by tuberculous masses. In this 
individual whose adrenal function was so seriously impaired that, with- 
out salt or desoxycorticosterone, he sank into profound hypoadrenalism, 
hypertension could be induced, in the presence of renal arteriolar dis- 
ease, by the administration of either sodium chloride or desoxycortico- 
sterone. Swingle'^'^ has recently suggested that the elevation of arterial 
pressure in adrenalectomized dogs treated with desoxycorticosterone 
results from an increase in arteriolar and capillary tone. In view of the 
fact that a similar effect on blood pressure may result from salt alone, 
the question must be raised whether this increase in pressure may not 
be more properly ascribed to an ion effect on the vessels than to direct 
hormone action. 

The mechanism of pigmentation in Addison’s disease remains obscure 
and the effect of desoxycorticosterone upon it is still equivocal. Thorn®^ 
has maintained that treatment with this steroid decreased pigmentation. 
We have felt that decrease in skin color might be ascribed entirely to 
rehydration and gain in weight. The recent disappearance of “ink spots” 
from the buccal mucous membrane in one of our patients treated for 
two and a half years, perhaps, tends to support die viewpoint of Thorn. 

Early in the course of our experience"- it was found that whereas 
the subjective and objective benefits derived from treatment with des- 
oxycorticosterone esters are impressive, this therapy is not devoid of 
danger. Indeed, five patients developed symptoms and signs of conges- 
tive heart failure including pulmonary congesrion, elevation of venous 
pressure and cardiac dilatation as is shown in Fig. 6. The mechanism 
of this cardiac failure was not determined but did not appear to be 
directly correlated with the degree of increase in plasma volume, the 
height of the arterial pressure attained or the degree of depression of the 
serum potassium level. 

Because of the development of this complication with large doses 
of desoxycorticosterone, it seemed appropriate to study"®’ the effects 
of prolonged administration of this steroid on normal animals. For this 
purpose, a series of dogs was given 25 mg. of desoxycorticosterone 
acetate daily for a period of some weeks. Although we were unable to 
produce either edema or cardiac dilatation in these animals, neverthe- 
less two striking abnormalities appeared with great regularity. The ani- 
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Fig. 0— Tlic effect of desox 3 'corticosterone upon the heart of a patient with 
Addi.son’s disease. At the left is the heart before treatment. At the right 
is tlie lieart after treatment witli excessive doses. 
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Fig. 7 — “Diabetes insipidus" induced in a normal dog b_v daih' injections 
of desox.vcorticosterone. Tlie urine output corresponded to water intake and 
tlie weiglit of tlie animal remained constant. 
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mals, in the course of 10 days, began to increase their water intake and 
output and gradually developed a diabetes insipidus-like syndrome. The 
degree of water drinking was increased by the addition of sodium chlor- 
ide to the diet. The fluid intake increased from 500 cc., as a rule, to 
about 3-5 liters a day and the urine volume increased correspondingly. 
Part of the record of water-drinking of one dog is shown in Fig. 7. The 
water intake appeared to be slightly depressed by the injection of pit- 
ressin and this change was accompanied by an increase in the specific 
gravity of the urine. The restriction of fluid was associated with a sharp 
rise in serum sodium level. Unlike true diabetes insipidus, the restric- 
tion of fluid intake was associated with an increase in urine specific 
gravity. The “diabetes inspidus” was promptly terminated by the dis- 
continuation of desoxy corticosterone injections. Thus, the urine specific 
gravity rose and the water turn-over dropped to normal, even though 
the sodium intake was kept at a constant level. 

The second abnormality which developed in the normal dogs 
treated with desoxycorticosterone was a curious type of muscle weak- 
ness. This began to develop 4 to 5 weeks after the onset of treatment. 
In the early stages it appeared as intermittent periods of weakness. In 
these attacks it was impossible for the animals to raise their heads and 
weakness of the extremities, particularly the hind legs, was marked. 
These attacks of weakness usually occurred in the afternoon, possibly 
bearing a relation to the time of feeding, and would disappear by the 
following morning. In the course of about i o days to 2 weeks, the weak- 
ness became progressively worse and more continuous. If not treated, 

the animals would finally succumb. ^ 

The blood serum of these animals developing “diabetes insipidus” 
and periodic muscle weakness showed an increase of 4 to 8 m.eq. per 
liter in sodium and a depression of potassium to about 2.5 m.eq. per liter. 

It was found"® that if the animals were given a 0.15 per cent solution 
of potassium chloride to drink instead of tap water, the development of 
muscle weakness did not occur, but no influence was observed upon the 
development of the “diabetes insipidus.” The substitution of tap water 
for potassium chloride solution led to the appearance of intermittent 
muscle weakness in about 10 days. It was found that the administration 
of potassium chloride tended to prevent the decrease in serum potas- 
sium level but had no influence on the elevated sodium concentration. 

Analysis of the skeletal muscles of animals with severe weakness 
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EFFECT OF DOCA UPON THE CONCENTRATION OF 
SODIUM AND POTASSIUM IN DOG MUSCLE 



KCl 

Fig. S — Tlic effect of desoxycortico.stcrone acetnte upon tlie concentration.s 
of sodium ami potas.sium in the skeletal nui.scle in the clog. N.B. The addi- 
tion of KCI to the drinking water inhihited the nuiscle changes but had no 
effect upon the “diabetes insipidus.” 


showed that they contained a large amount of sodium and less than 
the normal amount of potassium. Similar changes had been described 
by Darrow^” in the muscles of rats treated with deso.vycorticosterone. 
The increase in muscle sodium M'as found in our studies^® to be prevented 
■when potassium chloride was added to the drinking water as is shovtm 
in Fig. 8. Analysis of the muscles for nitrogen, chloride and water in 
paralyzed animals and animals protected with potassium chloride indi- 
cated no apparent change in the extracellular water jacket or so-called 
chloride space. This is demonstrated in Fig. 9. In Fig. 10 it is shown 
that the intracellular replacement of potassium by sodium appeared to 
be on an approximately i to i basis, an atom of sodium being gained 
for each atom of potassium lost. 

In these studies it is clear that the “diabetes insipidus” could be cor- 
related with an increase in sodium concentration in the serum and there- 
fore in the extracellular fluid. This elevation in sodium level and the 
“diabetes insipidus” persisted regardless of potassium chloride adminis- 
tration. The muscle %veakness, on the other hand, \vas associated with 
an increase in intracellular sodium. This change could be prevented by 
potassium chloride feeding even though the serum sodium concentra- 
tion remained elevated. It thus seems preferable to speak of the effect 
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EFFECT OF DOC^ UPON THE WATER, NITROGEN 
AND CHLORIDE CONTENT OF DOG MUSCLE 
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Fig. 9 — Analyses of muscles of normal dogs receiving large doses of desoxy- 
corticosterone yield no evidence of an increase in interstitial fluid, i.e., the 
“chloride-space.” 


EFFECT OF DOCA UPON THE CONCENTRATION 
OF INTRACELLULAR Na AND K 



+ KCI 

Fig. 10 — The intracellular replacement of the K ion by the 
Na ion in muscles of normal dogs receiving desoxycorticos- 
terone is on an approximately 1 to 1 basis. This replacement 
of K by Na is inhibited by the administration of KCI. 


of desoxycorticosterone upon intracellular electrolytes in the normal dog 
as one in which potassium lost from the cells is replaced by sodium 
rather than one in which a high concentration of extracellular sodium 
in some way displaces intracellular potassium. In other words it appears 
that sodium goes into muscle cells only when potassium comes out. 
This ideu'^ is consistent with the idea that desoxycorticosterone, by in- 
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creasing the renal excretion of potassium, lowers the serum potassium 
concentration and shifts the equilibrium benveen intracellular and extra- 
cellular potassium in the direction of an increased loss of potassium 
from the cells. Heppel’s^ obsen’ations on the increase in intracellular 
sodium in rats raised on a low potassium diet offer support for this 
interpretation. It seems clear therefore, that when the available supply 
of potassium is reduced either by reduction in intake or by excessive 
excretion sodium replaces the potassium which is lost from the muscle 
cells. 

These effects of excessive doses of deso.xycorticosterone in normal 
dogs bear some similarity to electrolyte disturbances observ'ed first by 
Anderson®” in the blood serum of patients suffering from Cushing’s 
syndrome. In these patients, in whom tumor of the adrenal cortex is 
often present, there may be an elevation of serum sodium and depres- 
sion of potassium. Whereas mild diabetes insipidus has been reported 
in these patients®^ this has not been obsen’^ed in the small group of cases 
studied by us. Furthermore, muscle biopsy carried out in three of our 
cases has not revealed the replacement of potassium by sodium seen in 
dogs treated Math deso.xycorticosterone. The muscle tveakness of pa- 
tients Avith Cushing’s syndrome does not, therefore, appear to have 
the same chemical basis as does the intermittent paralysis of desoxy- 
corticosterone treated dogs. 

I have dealt at length Math the action of desoxycorticosterone esters 
upon electrolyte metabolism. I should like noM^ to consider briefly the 
effects of the various pliysiologically actit-e steroids isolated from the 
adrenal cortex upon the interrelations of electrolyte behavior, life main- 
tenance, carbohydrate metabolism and the capacity for muscular M'ork. 
In general there appears to be a close parallelism betM'een the effect of 
a steroid on sodium retention and on life maintenance. This is demon- 
strated by the fact that sodium salts in the absence of cortical hormone 
Mall sustain adrenalectomized dogs and rats. There is also an apparent 
correlation between the effects upon carbohydrate metabolism and upon 
M’ork-capacity. Furthermore there appears to be a possible antagonism 
between these two groups of functions. Most of the studies devoted 
to the correlation of these various activities have had to be carried out 
on animals and are unfortunately limited in number because of the small 
quantities of those steroids so far isolated and because only dcsox)’'corti- 
costeronc has been made available through its synthesis. 

0 J 
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Fig. 11 — I. Is essential for alt known physiological ac- 
tivity. II. is essential for all known physiological activity. 
III. enhances sodium retention; necessary for carbohy- 
drate activity. IV. (Either a hydroxyl or a carbonyl 
group.) In the presence of III, decreases sodium reten- 
tion and increases carbohydrate activity. V. In the 
presence of III, and ? IV, increases carbohydrate activ- 
ity and induces sodium excretion. This correlation of 
adrenal function and structure of various steroids is 
suggested by Thorn. (Reprinted with permission.) 


The great advances in our understanding of carbohydrate activity 
have developed primarily from the studies of Britton and Sylvette,®® 
Kendall and his associates,"®’®® C. N. H. Long®^ and from Thom and 
his co-workers®® in the past 10 years. The relation between the capacity 
for muscular work and the various cortical steroids has been clarified 
through the carefully controlled observations of Ingle.®® It is established 
that desoxycorticosterone is the most potent of the isolated adrenal ster- 
oids in affecting sodium retention and life maintenance. Yet this steroid 
in man, as well as in the experimental animal, is virmally without effect 
upon carbohydrate metabolism or work-capacity, the latter being de- 
termined in adrenalectomized rats. Corticosterone has definite but less 
sodium-retaining effect in man®'^ and animals®^ than has desoxycortico- 
sterone. On the other hand it has slight but demonstrable effect upon 
carbohydrate metabolism in man.®®’®^ In animals it has considerably 
greater effect upon carbohydrate metabolism and work-capacity than 
has desoxycorticosterone. 

Very recently Thorn®® has made a most important advance in our 
knowledge. He has shown that 17-hydroxycorticosterone and ir-dehy- 
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dro-17-hydroxycorticosterone (compound E of Kendall), the nvo ste- 
roids most active in their effects on carbohydrate metabolism and work- 
capacity, have no sodium retaining effect in the dog. Moreover they 
appeared to increase the excretion of the sodium ion. This fact is the 
more interesting since the effect of these steroids on life maintenance is 
indeed relatively small. On the basis of these observ’^ations, Thom has 
presented a diagram (Fig. 1 1 ) in which he has attempted to correlate 
the relation between \'arious physiological activities of the cortical ste- 
roids and their chemical structure. 

Before closing I should like to mention evidence suggesting that 
adrenal cortical insufficiency may be associated with significant physio- 
logical disturbances other than those of electrolyte and carbohydrate 
metabolism. To what extent some of these changes may be primar}'’ 
and specific in nature and to what extent they are secondary to the rec- 
ognized disturbances and make their appearance because the organism 
is “sick” is at times difficult to determine. For example, in our laboratory 
we have found that some degree of tetrabromphenol-sulfonephthalein 
retention was present in 12 of 16 patients with Addison’s disease. This 
retention varied from 5 to 15 per cent at the end of one half hour and 
was not related to the severity of sodium loss. This constitutes but slight 
retention of the dye, but is more than is normally encountered. Similarly 
a mild depression of the basal metabolic rate is found in Addisonian 
patients as it is in adrenalectomized animals. "Whether this results from 
a specific depression of thyroid activit)'" from lack of adrenal hormone 
or whether it may possibly result from decreased blood flow or other 
causes is not known. The failure of glucose and fat absorption from the 
bowel of animals in adrenal insufficiency was thought by Verzar*’'’ to 
signify that a specific failure of phosphorylation e.xisted in adrenal in- 
sufficiency. It was shoum, however, by Althausen, Anderson and Stock- 
holm‘° that the failure of absorption of glucose was dependent only 
upon dehydration and that administration of saline solution restored 
glucose absorption to normal. AlacKav’^ also found that fat is normally 
absorbed if salt solution is given to avoid dehydration. 

In 1933 Swingle^® and his coworkers first suggested the possibilit}' 
that the adrenal cortex exerts an effect upon the capillaries and that loss 
of the adrenal cortex resulted, for this reason, in the state of shock. 
Since that time a large number of studies have been devoted to the pos- 
sibilit}* of a relation between the adrenal cortex and the cause and cure 
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Fig. 12 — A fatal adrenal crisis occurring without significant disturbance of 
the electrolyte pattern of the serum or of the blood sugar. No cause of death 
other tlian destruction of the adrenal glands was found post mortem. 


of shock. This interest has been greatly augmented recently for obvious 
reasons, but no final answer can as yet be given. The evidence concern- 
ing the influence of adrenal cortical hormones in the treatment of ex- 
perimental and clinical traumatic shock is at present controversial and 
not wholly convincing. MenkinV- obsen'^ation that the administration 
of cortical extract prevents the usual capillary dilatation following the 
injection of leukotaxine, hoAvever, is suggestive. The recent observation 
of Swingle--’'* that plasma transfusion in a dog in adrenal insufficiency- 
causes edema and collapse whereas this can be prevented if the dog is 
first treated with desoxycorticosterone or cortical extract also indicates 
a capillary disturbance in adrenal insufficiency. 

We pointed out four years ago-” that a certain number of patients 
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with Addison’s disease die a typical Addisonian death, characterized by 
profound asthenia, falling blood pressure, a small or soft pulse and peri- 
pheral cyanosis but without the characteristic chemical changes in the 
blood serum. In these patients, the syndrome of shock may develop 
rapidly and without apparent relation to the state of the electrolyte and 
water metabolism or to the blood sugar level, but it is associated ^^dth a 
terminal rise in temperature which cannot be explained at autopsy (Fig. 
12). Furthermore, in recent years, it has been found that these patients, 
at times, fail to respond to the administration of adequate therapy with 
desoxycorticosterone and potent cortical extract as judged by their 
effects on the water content of the blood plasma, the concentration of 
serum electrolytes and the blood sugar. It has been our impression that 
these patients die from a disturbance in vasomotor regulation, either 
peripheral or central in origin and that this is not consistently controlled 
by the cortical hormones no'w available. 

In conclusion it may be stated that the adrenal cortex has been shown 
to exert an important influence upon the physiological activity of cer- 
tain electrolytes and water as well as upon carbohydrate metabolism. 
Furthermore, through the chemical identification of a number of ste- 
roids isolated from the adrenal cortex an encouraging beginning has been 
made in the correlation of the chemical structure of these substances 
with certain physiological activities. It is to be hoped that with the 
further advance of our chemical knowledge of the hormones of the 
adrenal cortex that their effects upon capillary tone and permeability 
as well as upon cellular metabolic processes in general will be further 
elucidated. 
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WALTER LINDSAY NILES 
An Appreciation 

the death of Walter Lindsay Niles The New York 
Academy of Medicine has suffered an irreplaceable loss. 

Dr. Niles was born on January 2, 1878 on one of the 
farms of the community known as “Niles Settlement,” 
founded in 1808 in the Town of Lebanon, N. Y., by his 
great, great grandfather (Nahum Niles) and his sons, and there both 
his father, Isaac Newton Niles, and his mother, Harriet Lois Lindsay, 
were also born. 

His paternal ancestor in America was John Niles who arrived from 
England on the ship Speedwell and settled in Dorcester, Massachusetts 
in 1634. His maternal ancestor came to this country from Scotland 
in 1645. 

Dr. Niles was of the ninth generation descended from John Niles. 
This then is the foundation upon which his character was built. No 
wonder he possessed great courage, common sense to a high degree, a 
perfectly educated will and honesty of purpose. Virtue and genius 
were in his blood. 

In his early boyhood he attended the district school in Lebanon. 
He graduated from the High School at Norwich, N. Y. in 1896 and 
in the autumn of that year entered the School of Civil Engineering, 
Cornell University, with the aid of a scholarship won in competitive 
examination. 

With the death of his father in 1898, Dr. Niles decided not to com- 
plete his engineering course but to enter the school of medicine. 

During his school-boy days, Walter Niles commanded the respect 
and affection of his companions and even his elders in the community 
recognized in him the leader and representative of his age group on any 
matter affecting policy. As an undergraduate in Cornell he rowed on 
the freshman crew squad and sang on the glee club. He was the chair- 
man of a committee which published the “Songs of Cornell” and was 
a member of his senior banquet committee. He was a member of Sphinx 
Head, a senior honorar)^ society, and of Savage Club. 

After his graduation from medical school in 1902 he served two 
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years as a member of the intern staff of Bellevme Hospital. One of the 
attending physicians on the medical servdce at this time was the then 
Professor of Medicine at Cornell, Dr. Gilman Thompson, and it was 
lie Avho persuaded Dr. Niles, after he had finished his internship in 
1904, to remain in New York to take up the practice of medicine. From 
the day this decision was made down to the time of his death, he devoted 
himself to every phase of medical care and served humanity with great 
distinction to himself and to his profession. 

Very shortly after the completion of his internship, he was ap- 
pointed to the attending staff of Bellevue Hospital as an adjunct as- 
sistant attending physician. Later he became a consulting physician to 
this institution. He was also consulting physician to the Memorial Hos- 
pital, the New York Infirmary for AVomen and Children and the South- 
ampton, Jamaica and Nassau Hospitals. He was an attending physician 
to the New York Hospital and a member of the Joint Administrative 
Board of The Society of the New York Hospital and Cornell Uni- 
versity Medical College. He was professor of Clinical Medicine in the 
A'ledical College for many years. He was not only an inspiring teacher 
but his capacity for organization led to his being appointed Dean of 
the College in 1919, an office he retained for nine years. Indeed, due 
to the illness of Dean Ladd, he was serving as acting Dean at the time 
of his death. 

In 1908 Dr. Niles \vas elected a Fellow of The New York Academy 
of Medicine. During his more than thirty years of Fellowship he served 
on the following committees of the Academy: Admissions, Public 
Health Relations, Medical Education, Problems of Medical Practice, 
Professional Standards, Fund Raising and finally he was Chairman of 
its Board of Trustees and the Executive Committee of this Board. 

He declined an invitation to become President of The New York 
Academy of Medicine because other duties to which he was already 
pledged would not give him sufficient time to do this office full justice. 

Dr. Niles was a member of numerous scientific societies and organi- 
zations among which v^ere: The Association of American Physicians, 
The American Climatological and Clinical Association, The Harvey 
Society and The Practitioners Society. His clubs were The Links, Cen- 
tuty Association, Cornell, National Golf Links, Shinnecock Hills Golf 
Club, Meadow Club (Southampton), Piping Rock and Deepdale. 

In the vety early days of the first AVorld AVar Dr. Niles received 
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a telegram from Dr. Theodore Janeway offering him a commission as 
major in the United States Army Service Medical Corps. 

He was persuaded, against his own wishes and desires, that he could 
best serve his country by retaining his teaching post in the medical 
school. Once he was convinced of this he made the sacrifice cheerfully. 

Dr. Niles was as successful in private practice as he was in every 
other phase of medicine with which he was identified. People liked 
him and he liked people. I heard one man give the following reason for 
his success in the practice of medicine, “People felt safe in his hands.” 
That statement is substantial evidence that his good judgement and 
wisdom were associated with high character, objective, straight think- 
ing and complete honesty, blended with kindliness, gentleness, patience 
and tolerance. 

One of the reasons why he did so many things well was that he 
possessed the rare quality of being able to do one thing at a time to 
the exclusion of all else. When he played, and he loved to play, he con- 
centrated on play. When he worked, all his thought was centered on 
the single problem in hand. 

On May 20th, 1908 he married Louise Vezin, daughter of Charles 
Vezin and Adah Delamater. 

There were four children of this marriage: John Lindsay Niles, 
Charles Lindsay Niles, Harriet Lindsay Niles-now Afrs. Edward A. 
Hurd, Jr.— and Nelson Robinson Niles. The latter two children and 
his wife sursdve him. 

Schiller said: “Genuine morality is preserv^ed only in the school 
of adversity.” There was plenty of adversity in Walter Niles’ life and 
in every instance when he was compelled to face ill fortune, he did 
so with a decision and nobility that was characteristic of him. He refused 
to be crushed. He carried on with a fine sense of his obligation to the 
world. Whatever concerned humanity concerned him. He refused to 
permit Fate to destroy him until she did a complete job of it. He loved 
life but only a life capable of doing things. 

His death came with the suddenness he would have wished and it 
came at the ^^ery zenith of his career. 


M.^lcolm Goodridge. 
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SAMUEL W. LAMBERT 

■‘^R. Samuel W. Lambert died February 9th, 1942 in his 
eighty-third year. His life was one of action and ac- 


complishment. A wonderfully successful practitioner, an 
educator, bibliophile, fisherman and delightful compan- 
ion, he gave all he had, and that was much. 

His father, Dr. Edward W. Lambert said all he could give his chil- 
dren, of whom eight grew to maturity, was a good education. Dr. Lam- 
bert had that, and made the most of it. He received his A.B. from Yale 
in 1 880, and his Ph.B. after two additional years at the Sheffield Scien- 
tific School in preparation for his medical studies. At P, & S. his pre- 
ceptor was Dr. H. B. Sands, and he was graduated in 1885 with Harsen 
honors. He received an appointment at Bellevue and then studied abroad 
for two years. He started practice in New York, in 1889. 

From the very beginning he was much interested in Medical Edu- 
cation. Impressed with the woeful lack of practical obstetrical teaching 
in this country, with Dr. James W. Markoe, and with the backing of 
his father. Dr, Thomas M. Markoe, Dr, William T. Lusk, and Dr. 
William M, Polk, he organized the New York Midwifery Dispensary 
in Broome Street, in 1890. Students were enrolled, and after prelimi- 
nary instruction, under supervision they delivered women in their tene- 
ment homes. During its two years of independent existence, over 300 
students took the course. So successful and valuable was this work that 
the Society of the Lying-In Hospital was roused from a long period of 
inactivity. Originally organized as a hospital, it had degenerated into 
an eleemosynary organization giving deserving women $25 to pay for 
their confinement. The Trustees founded a hospital at 17th Street and 
Second Avenue, which opened in 1895. They took over the Broome 
Street organization as its out-patient department in 1892, Dr. Lambert 
and Dr. Markoe were therefore responsible for starting a service well- 
remembered by the older members of the profession, and which did 
much in developing medical education. Dr. Lambert served on the At- 
tending Staff of the Lying-In for twelve years. 

In 1904 he became Dean of the College of Physicians and Surgeons, 
and for fifteen years devoted his energies to improving the scope and 
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character of the teaching in that organization, in spite of much opposi- 
tion. He brought about its union with the Presbyterian Hospital and 
formed plans, never entirely carried out as he planned them, for the 
development of a teaching hospital, in wliich emphasis was laid on the 
teaching of practical medicine to every student in the College through 
bedside experience. Retiring in 1919, he \vas made its first Dean 
Emeritus, 

As a practitioner of Medicine, Dr. Lambert n-^as eminently success- 
ful, building up a large private and, later, consulting practice. Always 
abreast of the times, he A\'as vdse and resourceful, never forgetting the 
comfort of his patients in his interest in their diseases. He was one of 
that fast diminishing number of physicians who treat patieiits and not 
cases. His sympathy for the suffering or sorrowing was very real. His 
patients were devoted to him and became his fast friends and admirers. 
As a consultant, he was considerate and helpful to younger men, and 
when in difficulty they frequently called on him for help. They not 
only respected and admired him, but to many, he was “Dr. Sam,” 

Dr. Lambert was connected Avith many hospitals and medical so- 
cieties. The long list need not be repeated here. In addition to the Lying- 
In, he was at various times Attending Physician to the Nursery and 
Childs, New York and Sr. Luke’s. ^Vith the latter he was actively con- 
nected for twenty-three years. He was Consulting Physician to more 
than twenty institutions. The Medical Societies to which he belonged, 
both national and local, were also many— the Association of American 
Physicians, the College of Physicians, the Practitioners and others. Just 
before Sir William Osier left this country, he invited a small group 
of physicians and surgeons to form with him the Interurban Medical 
Club. Dr. Lambert was one of them. 

Although elected a Fellow of the Academy in 1891, his deep inter- 
est in it was not shown until he became President in 1927. He did much 
in those important years to develop its ever-widening sphere of use- 
fulness to its members and to the public. His valuable sendees con- 
tinued after his term of office was over. He was particularly interested 
in the Libraty, for books were one of his hobbies. The assembling of the 
collections for the Rare Book Room and its stacks, including- the pur- 
chase of the Streeter Collection, was largely due to his efforts and 
enthusiasm. Always interested in Vesalius and his Anatomy, he stimu- 
lated a further search in Munich for the original woodblocks. resultin«T 
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in the discovery of many which had been lost up to that time. He 
collected the money necessary to issue an Atlas containing all the ori- 
ginal illustrations, beautifully printed on modern paper by modem meth- 
ods. He was a very active member of the Library Committee from 1932 
to 1941, when he was made Consultant. His interest and support never 
flagged. He was made a Benefactor of the Academy in 1941. 

Dr, Lambert’s life was a broad one. He played as actively as he 
worked— when he had the time. An enthusiastic bibliophile, he collected 
the books he loved, and he knew them from cover to cover. He 
was a regular attendant at the meetings of the Grolier and Charaka 
Clubs. To hear him talk about his beloved volumes was a rare treat. 
His little book “When Air. Pickwick went Fishing” illustrates his \vide 
knowledge of his hobby. An ardent fisherman himself, his collection of 
editions of Isaac Walton’s “Compleat Angler” and Cotton’s works is a 
notable one and was probably his most treasured possession. He col- 
lected them for many years, and each new acquisition gave him great 
joy. He belonged to several fishing clubs in this country and in Canada, 

Dr. Lambert was a loyal friend, and a companion who from the 
store of his exceptional memory of men and events, told anecdotes, apt 
and to the point, tinged with rare humor, demolishing chicanery and 
fraud which he hated. 

He led an active, constructive, worth while life. He will be sadly missed. 

Philip Van Ingen. 
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I^A>riiKnT, Samukl AVamihon: 101 Knst 72 
Street, New York City; horn in New York 
Cit\% .Tunc 18, 1850; died in New York City, 
l'el)runry 0, inT2; received from Y.-ilc Uni- 
versity the dcprcc of A.H. in 1880, Ph.B. in 
1882, A.M. in 1005; .nnd from Columbia Uni- 
versity tile degree of I3.Sc. in 1921; gradti- 
.ated in medicine from the College of Phy- 
sicians and Surgeons in 1885; elected a 
Fellow of the Academy February .5. 1801; 
served the Academy .as its President from 
1027 to 1020, as a member of the Board of 
Trustees from 1929 to 1939, as a member of 
the Committee on I’ublic Health Relations 
from 1.029 to 1938, ns a mciuher of the Com- 
mittee on Library from 1932 to I9t2 and as 
considtnnt to that Committee from January 
1012 to the time of his death. 

Dr. Lambert was dean emeritus of the 
College of Physicians and Surgeons, Colum- 
bia Univcr.sity, having served as its dean 
from 1901 to 1919. From 1903 to 1919 he 
was profcs.sor of clinical medicine at that 
institution. He was consulting physician to 
St Luke's, New York, Presbyterian, St 
Vinccnt'.s, Neurological Institute, New York 
Orthopedic, Ruptured and Crippled and St 
John’s, Riverside and Yonkers Hospitals. 
He was a member of the Board of Trustees 
of Roosevelt Ho.spital (1901-19), a Fellow 
of the -Vnicrican College of Physicians, a 
member of the Association of .American 
Physicians, the American Gastro-Entcrolog- 
icn! .Association and the State and County 
.Alcdical Societies. 

AVaush, Jamis Josr.rii: .311 AVest 72 Street, 
New York City; horn in .Archhald, Penn- 


.sylvania, April 12, 1805; died in New York 
City, March 1, 1012; received the degree of 
.A.M. from Fordham University in 1885, 
Ph.D. in 1889, LTj.D. from Georgetown Uni- 
versity in 1001, and Sc.D. from Notre Dame 
in 1909; graduated in medicine from the 
University of Pennsylvania .Aledical School 
in 1695; elected a Fellow of the Academy 
.Alarch 3, 1901. 

Dr. AA^alsh became an instructor in medi- 
cine in 1900 at the New A'ork Poljxlinic 
.School of Medicine and adjunct professor 
in 1901. The latter position he resigned in 
1007 to become the acting dean and pro- 
fessor of physiological psychologj’ at Cathe- 
dral College. He was consulting physician 
to Gabriels Sanatorium and St. A'incent’s 
Hospital, a Fellow of the .American Medical 
.Association, a member of the American As- 
sociation for the Advancement of Science, 
and a member of the State and County 
.Alcdical Societies. 

Dr. AValsh was a prolific writer on medi- 
cal, scientific and religious subjects and 
established the Fordham University Press 
which published his articles on the history 
of medicine and related subjects. 

AATtt, Dak HiTcn: 71 East 71 Street, New 
A'ork City; born in Charlottesville, Vir- 
ginia, May 20, 1800; died in New A'ork City, 
February 15, 1912; graduated in medicine 
from the University of A'irginia in 1914; 
elected a Fellow of the Academy October 
2, 1924. 

Dr. AVitt was instructor in medicine at 
Cornell University Medical College, .assist- 
ant vi.siting physician to the New A’ork Hos- 
pital and consultant visiting physician to 
the Manhattan Eye, Ear and Throat Hos- 
pital. He was a diplomatc of the American 
Board of Internal Medicine, a Fellow of 
the .American Medical A.ssociation and a 
member of the State and County Medical 
Societies. 
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SOME CHEMICAL CHANGES IN THE 
MYOCARDIUM ACCOMPANYING. 
HEART FAILURE* 


A^'ictor C. Myers 

Professor of Riochemistry, School of Medicine, Western Reserve University 



^HE normal function of the heart is dependent upon a re- 
current series of beautifully coordinated physical and 
chemical processes. Obviously a break anywhere in this 
chain of processes affects the action of the heart as a 
whole. Much attention has been given to the pathology 
of the heart and its effect, not only upon the circulation of the blood, 
but also upon the blood supply and nutrition of the heart itself. Two of 
my Cleveland colleagues^- - have recently addressed the Academy upon 
topics dealing with this general subject. It is evident that the normal 
function of the heart cannot be maintained without an adequate blood 
supply, to furnish food materials, including oxygen, for the energy of 
the heart’s action. It is equally evident that the heart is dependent upon 
a properly functioning chemical mechanism by which this material can 
be converted into mechanical energy. It is this last phase of the subject 
that I wish to discuss. 

With the discovery of phosphocreatine by Fiske and Subbarow^ in 


* Presented at a joint meeting of the New York Heart Association and the Section on Medicine of 
The New York Academy of Medicine, January 20, 1942, 
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^HE normal function of the heart is dependent upon a re- 
current series of beautifully coordinated physical and 
chemical processes. Obviously a break anyAvhere in this 
chain of processes affects the action of the heart as a 
iS whole. Much attention has been given to the patholog}'' 
of the heart and its effect, not only upon the circulation of the blood, 
but also upon the blood supply and nutrition of the heart itself. Two of 
my Cleveland colleagues^ " have recently addressed the Academy upon 
topics dealing with this general subject. It is evident that the normal 
function of the heart cannot be maintained without an adequate blood 
supply, to furnish food materials, including oxygen, for the energy of 
the heart’s action. It is equally evident that the heart is dependent upon 
a properly functioning chemical mechanism by which this material can 
be converted into mechanical energy. It is this last phase of the subject 
that I wish to discuss. 

M'ith the discover^’- of phosphocreatine by Fiske and Subbarou^ in 


* Presented at a Joint meeting of the New York Heart Association and the Section on iledicine of 
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1927, and the subsequent discovery of adenosinetriphosphate, our theo- 
ries regarding the energetics of muscular activity have been entirely 
changed. Without entering into 2 theoretical discussion, it would appear 
that compounds of phosphorus, phosphocreatine and adenosinetriphos- 
phate in particular, are intermediaries in the transfer of chemical energy 
to the mechanical energy of the heart beat. It seems probable that these 
organic phosphoric acid compounds exist as potassium salts, and would 
thus account for most of the intracellular potassium. If the above prem- 
ises are correct, the concentration of these compounds in the myocar- 
dium should serve as an index of the potential capacity of the heart for 
work. 

Phosphocreatine is such a labile compound that it is impossible to 
determine it in the human heart obtained at autopsy. However, varia- 
tions in creatine are probably equally significant. It should therefore be 
of interest to study the changes which occur in the creatine, purine 
nitrogen, phosphorus and potassium of the myocardium in disease. In 
addition, adequate evaluation of these data might be difficult without 
information on the water, sodium chloride, lipid and collagen content 
of the tissue. 

With this background a series of studies on human hearts obtained 
at autopsy was begun in our laboratory in cooperation with the Depart- 
ment of Pathology more than ten years ago. Any success that may 
have been achieved has been due largely to the work of Linegar and 
A'langun of our department, to the cooperation of Seecof, Frost, Reichle 
and Strauss of the Department of Pathology, and to the financial assist- 
ance of the Josiah Macy, Jr. Foundation. 

Although we were apparently the first in this country to undertake 
studies on the heart involving creatine® we were slow in reporting our 
findings, and almost simultaneously and independently Cowan® in Iowa 
City, and shortly afterwards Herrmann and his co-workers^ in Gal- 
veston reported creatine observations on the heart in agreement with 
our own. Herrmann in particular has vigorously attacked the problem, 
employing both animal and human material. 

About the time our studies were undertaken the Vanderbilt Uni- 
versity medical group attacked the problem of congestive heart failure 
from the standpoint of potassium. Calhoun, Cullen, Clarke and Harri- 
son® concluded one of their early papers with the statement: “It is be- 
lieved that overwork causes loss of potassium from heart muscle and 
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Table I 


AVERAGE DATA OxV HEARTS OF THIRTEEN NORMAL HUMAN SUBJECTS 

(mg. per 100 gm. of wet tissue) 


Constituent 

Left 

ventricle 

Right 1 

ventricle | 

Voluntary 

muscle 

Creatine 

203 

1 

165 1 

443 

Phosphorus 

194 

160 

201 

Potassium 

285 

219 

328 

Water 

80.8 

82.3 

76.2 

Fat 

0.35 , ; 

1.28 

1.68 


that this loss is one of the predisposing factors to cardiac fatigue and 
failure.” This statement is interesting and apparently correct, but ap- 
peared to us to be only part of a much larger chemical picture, involv- 
ing creatine, phosphoric acid and adenosinetriphosphate. 

Several brief statements may help in orientation. Creatine is present 
in heart muscle in about half the concentration it attains in skeletal 
muscle. Phosphocreatine has been reported by various investigators as 
present in concentrations from one-tenth to one-third that of skeletal 
muscle. Its lower concentration in heart muscle than in skeletal muscle 
cannot be attributed to a difference in the amount of the intracellular 
phase, since there is a sharp decrease in the ratio of creatine to potas- 
sium. The distribution of phosphorus compounds is likewise greatly dif- 
ferent from that of skeletal muscle. While the total phosphorus of the 
heart is about the same as that of skeletal muscle, a much greater part 
is present in the acid-insoluble fraction, most of which is phospholipid. 
The acid-soluble fraction is accordingly less, and this difference may be 
traced largely to the lower phosphocreatine content of the heart. 

When we began our study we were inclined to believe that the 
averages for our relatively large pathological series, covering a consid- 
erable range of values, would furnish figures not far from normal and 
adequate controls. This was nearly correct in the case of the myocar- 
dium, but not in the case of the voluntary muscle. If our theories regard- 
ing the function of phosphocreatine are correct, the creatine level in the 
myocardium must be reasonably maintained if heart failure is to be 
prevented. To secure more adequate control data hearts from 1 3 indi- 
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viduals dying accidental deaths were analyzed.® Average data are pre- 
sented in Table 1 . As will be noted the creatine, phosphorus and potas- 
sium are appreciably higher in the left than in the right ventricle. In 
the beginning we were inclined to attach special significance to this.® It 
will be observed, however, that the water and fat are appreciably higher 
in the right ventricle. This also appears to be true for the connective 
tissue content.^® When allowance is made for the difference in the extra- 
cellular water, the fat and connective tissue, the difference between the 
ventricles is relatively small. 

At this point it may be well to ask if the changes observed in the 
wet muscle of pathological hearts may not be due primarily to changes 
in water, connective tissue and fat. Wilkins and Cullen^^ have shown 
that in persons dying from congestive heart failure there is an increase 
in the water content of both ventricles, but especially the right ven- 
tricle. As might be expected this increase in water is accompanied by 
an increase in the sodium content, obviously in the form of sodium 
chloride. Recalculation of our figures on the basis of water and fat free 
tissue did not eliminate the very definite changes which occur in heart 
failure. On this account we have continued to record our findings on 
the basis of the wet tissue, since this is the condition in which the heart 
functions. 

Since creatine appears to us to loom large in point of quantity and 
sisrnificance in heart failure, it will be well to call attention to several 
outside factors which exert some influence on the creatine content of 
the myocardium. Probably the most important of these are factors 
affecting the metabolism of creatine and the elimination of creatinine, 
which are reflected in the creatine content of voluntary muscle. 
Whereas the creatine content of voluntary muscle averages about 400 
mg. per 1 00 gm. of fresh tissue in miscellaneous pathological conditions, 
it is definitely higher in strictly normal individuals, namely 443 mg. In 
uremia and fevers the creatine values tend to be elevated and range 
from 400 to 560 mg., while in such conditions as carcinoma and diabetes 
the concentration is definitely lowered— may reach 300 mg. The reten- 
tion of creatinine no doubt accounts for the high creatine values ob- 
sen^ed in voluntary muscle in uremia. Hyperthermia is known to gready 
increase the urinar)’- excretion of creatinine and the relatively high 
creatine values found in fevers are probably explained in part at least 
by the whipping-up of creatine-creatinine metabolism. On the other 
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hand, the very low values found in diabetes may find explanation in 
the disturbance of carbohydrate metabolism. 

In studying our data^“ on the creatine content of the left and right 
ventricle in comparison with the voluntary muscle, it was obsen'^ed that 
the high values for the creatine of voluntary muscle in uremia and 
pneumonia were accompanied by correspondingly high values in the 
left ventricle, and in the right ventricle in uremia, but not in pneu- 
monia. In diabetes, on the other hand, the creatine of the left ventricle 
is only slightly lowered, despite the marked fall in the voluntary muscle, 
suggesting that the creatine level of the heart muscle must be maintained 
if the heart is to function. 

To secure further information on the influence on the myocardium 
of factors which elevate the creatine content of voluntary muscle, the 
data^" were rearranged and grouped on the basis of the creatine con- 
tent of voluntary muscle. It was found that as long as the creatine con- 
centration of the voluntary muscle did not exceed about 425 mg. there 
was no elevating influence on the creatine content of the myocardium. 
When it exceeded this level, however, there was a definitely elevating 
effect on the creatine concentration of the left ventricle, although the 
values in the right ventricle remained essentially normal. 

Cardiac Hypertrophy. The question of the effect of cardiac hyper- 
trophy upon the chemical composition of the human heart is of im- 
portance both as a phenomenon in itself and in relation to myocardial 
failure. It would appear that cardiac hypertrophy is intimately asso- 
ciated with failure and may possibly be the principal factor in bring- 
ing about an eventual breakdown in the metabolic transfer between 
the blood and muscle required to keep pace with the increased demands 
upon the energy output. Wearn and his co-workers^ have shown that 
as a result of the increase in diameter of the muscle fibers in hyper- 
trophy there is a decrease in the number of capillaries per square rmili- 
merer of heart muscle. This ultimately leads to a considerable increase 
in the radial distance the metabolites must diffuse from each capillary, 
a situation which may conceivably lead to decreased nutrition and 
anoxia of the muscle fibers. 

It is difficult to obtain entirely satisfactory information on the effect 
of hypertrophy on the chemical composition of the human heart be- 
cause of the variability of the findings and the influence of other fac- 
tors. Cowan® observ’ed that in hearts with hypertrophy the average 
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Table II 

THE RELATION BETWEEN HEART WEIGHTS AND CONCENTRATION OF 
CREATINE, PHOSPHORUS AND POTASSIUM 
(Exclusive op Nitbooen Retention- Cases) 

(mg. per 100 gm. of wet tissue) 


mm 

Number 
of Cajies 


Left Ventiucle 

j Right Ventbicle 

Creatine 

P 

1 

Creatine 

! P 

1 ^ 

I 

4 

200-230 

213 

201 

299 

182 


\ 242 

II 

5 

250-273 

24-1 

196 

306 

191 

■M 

j 241 

III 


300-350 

210 

189 

269 

179 

i 148 

212 

IV ' 


376-450 

196 

181 

271 

152 

145 

195 

V 


450-530 

177 

178 

265 

129 

141 

192 

VI 


550-660 

152 

168 

232 

126 

142 

191 

VII 

1 


650-825 

140 

184 

213 

110 

140 ’ 

172 . 

Normals ^ 

13 

273-500 

203 

194 

285 

165 

1 

160 

219 


creatine concentration was slightly higher than in hearts without hyper- 
trophy, but did not regard the difference as significant. In experimen- 
tal studies in the rabbit Herrmann and his co-workers^^ found that 
slight hypertrophy resulted in a definite rise in the creatine concentra- 
tion which was somewhat more marked in the left than in the right 
ventricle. With more definite hypertrophy the creatine concentration 
dropped to considerably below the normal level in the left ventricle 
and to about the normal level in the right ventricle. It is of some inter- 
est that digitalized hearts showed a slight increase in creatine concen- 
tration. 

In work carried out on human and animal hearts in our laborator)'^ 
we have persistently noted a tendency toward higher creatine, phos- 
phorus and potassium values with increases in heart weight. These dif- 
ferences, however, have been relatively small and of such magnitude 
as might be expected from variations in the amount of the intracellular 
phase in the myocardium. In an effort to ascertain the relation between 
heart weight and creatine content throughout the normal and patho- 
logical range we charted the data on 195 cases arranged according to 
heart weight.^'^ The findings may be summarized with the statement 
that at birth there is little difference in the creatine concentration of 
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Table III 

avp:rage creatine, phosphorus and potassium concentrations 
IN cardiac muscle in myocardial insufficiency, compared 
with other pathological conditions and the normal 

(ing. per 100 gin. of wet tissue) 


Condition 

No. of 

Leit Ven'tiucle 

1 Right Vextiucle 

Cases 

Creatine 

P 

K 

Creatine 

P 

K 

Myocardial insufficiency 

IQI 

: lie 

169 

232 

112 

135 

178 

Miscellaneous cardiac involve- 
ment 


190 

185 

259 

149 

148 

195 

Cor pulmonale 


217 

186 

271 

136 

132 

166 

Diabetes mellitus 


200 

197 

272 

126 

1-14 

194 

Uremia without lieart failure 

11 j 

246 

199 1 

286 

182 

153 

205 

Normals j 

13 

! 1 

203 

194 j 

285 

165 

1 

' 160 

219 


the muscle of the two ventricles. After birth the creatine concentration 
rises rapidly in the left ventricle, although the rise in the right ventricle 
is slight. Creatine reaches a maximum in the left ventricle in the 50 to 
150 gm, hearts, in the right ventricle in the 150 to 250 gm. hearts, main- 
tains its highest level up to 350 gm., and then begins to fall, reaching 
its lowest level in the group of adult hearts weighing over 650 gm. 

To rule out a factor which, as already noted, exerts a pronounced 
elevating influence on the level of creatine in the heart, namely nitro- 
gen retention with its accompanying retention of creatinine and crea- 
tine, a table \vas prepared from data on 44 autopsy cases covering the 
range of heart weights but excluding all cases with nitrogen retention. 
It will be obsen^ed in Table II that with the first increments in heart 
weight there is a quite definite elevation not only of creatine in both 
ventricles bur also of phosphorus and potassium. However, with further 
increments in heart weight all the values begin to fall and decline with 
each increment in heart weight, the final values being 20 to 35 per cent 
below the normal. Obviously the incidence of heart failure increases 
progressively with each increment of heart weight. It should be noted, 
however, that relatively high creatine values were frequently observed 
throughout the range of heart weights, indicating that hypertrophy it- 
self does not necessarily limit the saturation level of the muscle. 

Myocardial Insufficiency. The chemical changes which occur in the 
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myocardium in heart failure appear especially signijScant. Average data 
on 17 cases^“ of myocardial failure are recorded in Table III, and simi- 
lar data on cases classified as miscellaneous cardiac involvement, cor 
pulmonale, diabetes mellitus, uremia and normals for comparison. Only 
those patients whose condition was clinically diagnosed as myocardial 
insufficiency and who showed evidence of progressive decompensation 
with hyperemia of the internal organs and edema of the extremities, 
were included in this group of seventeen cases. Patients with less dis- 
tinct signs of myocardial insufficiency, as well as those with nitrogen 
retention, were classified separately. As will be observed the average 
concentrations of creatine, phosphorus and potassium were decreased in 
both ventricles of the heart. In every case the creatine content of the 
left ventricle was below the normal level, varying from 16 to 52 per 
cent below the normal. The concentration of phosphorus was likewise 
lowered, but to a less degree, in all but 2 of the individual cases. The 
potassium also decreased in all but 2 cases, the average percentage de- 
crease being somewhat more than that for phosphorus and less than 
that for creatine. Similarly lowered values are recorded for the right 
ventricle. It should probably be noted that in this series of cases with 
myocardial failure there was also a definite reduction in the creatine 
content of the voluntary muscle (average of 349 mg.), probably due in 
part to long enforced inactivity. 

In attempting to interpret the losses in creatine, phosphorus and 
potassium which occurred in these cases of myocardial insufficiency, it 
appeared helpful to consider not only the percentage loss, but also the 
loss in relation to the molecule, dipotassium phosphocreatine. If the 
observed decreases were due chiefly to dilution of the active muscle 
tissue with water, fat or connective tissue, one might anticipate that 
the whole of the creatine, phosphorus and potassium would be affected. 
The net result would be that a decrease of 10 per cent, for example, in 
the creatine would be accompanied by a decrease of 10 per cent in the 
phosphorus and potassium. On the other hand, if the changes observed 
were due largely to a breakdown of the phosphocreatine mechanism, 
onlv>- that part of the phosphorus and potassium directly associated with 
the creatine might be expected to be lost. 

When the data were calculated in terms of percentage decrease in 
the three constituents, and in terms of loss of millimoles per kilogram 
it was apparent that tissue dilution was not the important factor in- 
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Tauu; IV 

AVERAGE ADENIXE (CALCULATED FROM OXY-PLTILVE XITROGEX), 
CREATIXE AND TOTAL ACID-SOLUBLE PHOSPHORUS COXTEXT OF 
nUHAX CARDIAC MUSCLE IN HEART FAILURE AND 
OTHER CONDITIONS 
(in{j. per 100 gm. of wet tissue) 



No. of 
Ciues 

LeIT VENTnlCtE 

\ Right Vextiucle 

i Adenine 

1 . 1 

Creatine 

TASP 

Adenine 

Creatine 

1 TASP 

Entire Series 

B 

1 S(i 

205 

106 

51 

152 

71 

Heart Failure 

B 


lOT 

91 

51 

128 

67 

Tuberculosi-s 

1 

5 

■i 

225 

117 

oG 

162 

78 

Pneumonia 

8 

30 

222 

110 

IS 

160 

73 

.Mi.sccllaneous 

5 

1 

91 

211 

107 

aa 

1 

161 1 

1 

78 


volved, since there was no correlation between the percentage decreases 
of the three constituents in either ventricle. Calculations were then made 
on the assumption of the loss of the components of dipotassium phos- 
phocreatine. Taking the loss of 4 mols of creatine as the standard of 
reference, one would expect a loss of 4 mols of phosphorus and 8 mols 
of potassium. The actual loss of phosphorus and potassium was found 
to exceed that of creatine.^'' This fact is susrffestive of a loss of adenosine- 
triphosphate, which would be in harmony with the findings of Burns 
and Cruickshank*'* that this compound may break down in the heart 
under a variety of experimental conditions. 

Recently we'‘ have put this question to experimental test as shown 
in Table IV. In a scries of twent}’'-four human hearts, including six 
cases of congestive heart failure, we have carried out purine determina- 
tions in addition to determinations of creatine and total acid-soluble 
phosphorus. The nitrogen of the purines convertible to o.xypurines was 
determined, and from this adenine was calculated. It will be observ'ed 
that in heart failure the left ventricle shows a decrease in this purine 
fraction along with the decrease in creatine and total acid-soluble phos- 
phorus. 1 his fall does not appear to occur in the right ventricle. It 
should perhaps be noted that there does appear to be a drop in the 
adenine of the right heart in pneumonia. From the above it would seem 
that adenosinetriphosphate probably accounts for the major parr of the 
phosphorus and potassium loss not accounted for by the creatine. There- 
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fore it does not appear probable that extensive changes occur in organic 
compounds of phosphorus other than phosphocreatine and adenosine- 
triphosphate. 

Our series of cases has included only one case of coronary failure 
(thrombosis). Samples taken from areas that were not infarcted gave 
values within the normal range. Herrmann and Decherd^® have made 
creatine determinations in a number of such cases, cases that were pre- 
sumably less acute than our single case, and observed a marked reduc- 
tion of creatine in the infarcted areas, and a considerable reduction in 
the uninfarcted areas. In our cases of miscellaneous cardiac involvement 
(Table III) the average values are only moderately reduced. Data are 
also included in Table III on 4 cases of right-sided heart failure (cor 
pulmonale), showing comparatively low values in the right ventricle. 
While the heart fails as a unit it is evident that the right ventricle may 
show chemical evidence of failure without similar changes occurring 
in the left ventricle. The table likewise includes data on 3 cases of 
diabetes mellitus. Here too the findings for the left ventricle are essen- 
tially normal, but in the right ventricle the concentrations of all three 
constituents, especially the creatine, are reduced. It is interesting to note 
that in uremia essentially all the values for creatine, phosphorus and 
potassium are above normal, or normal, in the left ventricle and right 
ventricle (also in the voluntary muscle), although the greatest increase 
is in the creatine. In our earlier study^“ which included a slightly smaller 
number of cases we observed that in uremia without heart failure the 
creatine values were markedly increased, whereas in uremia with heart 
failure they were reduced. At the time we suggested that the high 
creatine values in uremia without heart failure might explain why the 
heart did not fail in these cases. This is an interesting question which 
requires further study. The fact that in uremia there is a tendency 
towards elevation of phosphorus and potassium as well as creatine sug- 
gests the possibility that the extra creatine may be retained as the potas- 
sium salt of phosphocreatine. Whether or not this might exert a bene- 
ficial effect on the heart by increasing the energy and base reserve of 
the myocardium is an interesting speculation. 

It is obvious that while the most important fundamental chemical 
changes occurring in the myocardium in heart failure are probably indi- 
cated by the average values recorded in the tables and already discussed, 
many interesting and important points regarding the individual cases are 
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covered up by this procedure. For e.\aiuple, in many instances the 
changes are more pronounced in one ventricle than in the other. Com- 
ment on this would require discussion of individual cases, or small 
groups of cases, which is beyond the scope of the present paper. 

Discussion. It is interesting to note that the chemical approach to 
the problem of heart failure was first attacked with the determination 
of creatine in the myocardium by ConstabeP“ in 1921 and that to date 
no other substance has been conclusively shown to be as greatly affected 
by myocardial insufficiency. Since the pioneer investigation of Con- 
stabel, carried out on only a few hearts, it has become more and more 
apparent that this substance is decreased in the failing heart. On this 
point all investigators in the field are agreed. The underlying cause of 
the decrease in creatine content of the myocardium, however, has some- 
times-been challensjed. 

It has been suggested that the decrease in creatine is due to anatomi- 
cal changes in the muscle, to hypertrophy of noncreatine containing 
parts of the cells, and to injury of the cell membranes, permitting the 
diffusion of creatine out of the cells. 

Let us e.vamine the evidence brought forward to show that the 
decrease in creatine is without significance. Determinations of the water 
content by various investigators have demonstrated that only a small 
fraction of the drop in creatine concentration can be assigned to this 
factor. While there is usually a small increase in the water content of 
the failing heart, and occasionally a significant increase, this factor is 
negligible with respect to creatine, although it may be of importance in 
itself as a factor interfering with the metabolic activity of the myo- 
cardium. The possibility that anatomical alterations, such as fatty infil- 
tnition and increases in connective tissue, may be responsible have been 
discounted by workers who have c.xamincd the heart histologically in 
conjunction with their analyses. At this point it is interesting to note 
that I'histings and his co-workers,*" in experimental studies on the heart, 
have obtained quantitative evidence of chemical alterations in the 
absence of demonstrable histological changes. In our studies we have 
determined the water, fat and collagen content in a limited number of 
C.1SCS and have been unable to demonstrate anv serious alterations in the 
values for creatine, phosphorus, and pora.ssium after correction for these 
factors. Ocaisionally the fat and collagen content have been found to 
be increased particularly in the right ventricle, bur these alterations in 
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individual cases exert a negligible effect upon the group of cases studied 
in this manner. It would, nevertheless, be highly desirable to have more 
extensive studies conducted which included the collagen content of the 
heart, especially in relation to age, hypertrophy, and infarction. Blum- 
gart and his associates'^ have recently measured myocardial fibrosis by 
chemically determining the collagen content and found that all cases 
having abnormally high collagen values, showed either marked coronary 
sclerosis with occlusions, or hypertrophy. 

The possibility that injury of the cell membrane is responsible for 
the loss of creatine hardly seems credible. There is ample evidence in 
the literature to indicate that creatine may be taken up by muscle as 
well as released by it. 

The final alternative then is that the loss of creatine is due to chemi- 
cal events within the cell, an inability to maintain the creatine in the 
nondiffusible form of phosphocreatine. This loss in creatine is accom- 
panied by, and apparently correlated with, losses in phosphorus, potas- 
sium- and adenosinetriphosphate. 

At the present time it would not appear that our knowledge of the 
chemistry of the heart can be readily applied to improve the treatment 
of myocardial insufficiency. Nevertheless, there is a definite relationship 
between the chemical events which occur in the heart and the therapy 
applied to congestive failure. The ability of the heart at any given time 
to contract will depend upon the summated result of all the factors that 
contribute this energy versus all those factors which tend to dissipate, 
consume, or interfere with the production. So far as we know at the 
present time, phosphocreatine and adenosinetriphosphate are the two 
substances most closely associated with the final stages in the transfer 
of chemical energy to mechanical energy. To build up this final reaction 
to its highest level, we are, therefore, interested in attaining two object- 
ives; increasing the rate at which energy is made available and decreas- 
ing the demands upon the system. In other words, we are interested in 
maintaining the optimum concentration of phosphocreatine and adeno- 
sinetriphosphate and yet having them supply energy at an adequate rate, 
with the least possible dissipation. In the compensated heart the relative 
rates of the reactions centering about the phosphocreatine-adenosme- 
triphosphate system are such that energy input and energy expenditure 
are in equilibrium at a point where adequate amounts of phosphocreatine 
and adenosinetriphosphate are present. 
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At this point it is of interest to note that the chemical changes in 
.phosphocreatine and adenosinetriphosphate, by which mechanical 
energy is released probably play a very important role in another con- 
nection, namely in the induction of the electric currents in the heart 
muscle which are recorded by the electrocardiograph. When the con- 
tractility and conductivity of the muscle cells are impaired, for example 
by infarction, with consequent loss of phosphocreatine and adenosine-' 
triphosphate, characteristic electrocardiographic changes occur which 
can be related to certain areas of the heart. 

Most of the established methods of treating heart failure are prob- 
ably effective largely because they decrease the demands upon the heart, 
thus permitting the energy input to keep abreast of the e.xpenditure. 
The most outstanding of these types of therapy are rest, digitalis, and 
the removal of edema through regulation of the water and electrolyte 
balance. The latter may exert some direct beneficial effect upon the 
myocardium by removing edema fluid from that tissue, thereby accel- 
erating the metabolic transfer. The possible direct action of digitalis 
upon the heart muscle still remains a subject of controversy. 

While it is generally believed that the fundamental causes of decom- 
pensation may be attributed to increased demands upon the heart to 
perform A\-ork and decreased ability to perform such work as a result 
of disturbances in the coronary circulation, these considerations should 
by no means limit the possibilities of bolstering the heart action by meas- 
ures directly affecting the myocardium. Attempts have been made to 
increase the creatine content of the heart e.xperimentally or to prevent 
its loss by the addition of creatine to perfusing fluids, but these meas- 
ures thus far have met with little success. Similar attempts to increase 
the intracellular electrolytes of patients by feeding dipotassium phos- 
phate have likeudse met with failure. Kaltejr" administered glycine, a 
creatine precursor, to patients with decompensated heart disease and 
reported several cases in which it apparently exerted a beneficial effect 
and was enthusiastic about the possibilities of this therapy. Herrmann 
and Dccherd^® have also reported e.\'periments in which the admim’stra- 
tion of glycine appeared to have beneficial effects. However, such 
studies are difficult to control, and one should be cautious in makine 
interpretations. 

Sunnitary. We may conclude then that there is reasonably good 
evidence, direct and circumstantial, that phosphocreatine and adeno- 
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sinetriphosphate, as potassium salts, play an essential role in muscular 
activity, or more specifically are vital agents in the transfer of chemical 
to mechanical energy for muscular work. The chemical findings just 
reported on human heart muscle are in harmony with this hypothesis. 
Essentially normal values have been established for creatine, phosphorus, 
potassium and adenine in the muscle of the left and right ventricle. In 
the very early stages of cardiac hypertrophy there appears to be an 
increase in the concentration of these constituents, but with further 
hypertrophy all the values begin to fall and reach their lowest levels 
with extreme cardiac hypertrophy and heart failure. While it has not 
been definitely established that heart failure is due to the decreased con- 
centration of these apparently vital constituents, or disproven that these 
changes merely accompany heart failure, the evidence appears to sup- 
port the former view. Although the chemical observations reported 
have not as yet led to any established advance in therapy, still such data 
should materially aid in interpreting some of the clinical findings in 
diseases of the heart and in rationalizing treatment. It is hoped that the 
few observations reported may be the forerunners of more important 
biochemical studies on the heart, 
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THE TREATMENT OF GOUT=" 


John H. Talbott 

Assistant Physician, Massachusetts General Hospital 


Introduction 

n ^HE current trend in the management of patients afflicted 
a with gout inclines toward acceptance of therapeutic prin- 
^ ciples that are physiologically sound or empirically sat- 
f] isfactory and rejection of those that fulfill neither 
Q-aSHSHSHSBSEfffl criterion. Such a trend is encouraging in any malady and 
is particularly so in regard to gout because of the wide divergence of 
opinions which have been • expressed in the past. There are several 
obstacles which have hindered progress in the evaluation of the treat- 
ment of gout and have delayed general acceptance of, any regimen. In 
the fiAt place, the etiology of gout is not known. The several theories 
are sufficiently dissimilar that treatment which may be directed toward 
correction of one causative mechanism may run counter to others 
which appear equally plausible to interested observers. Secondly, the 
pathogenesis of development of symptoms is inadequately understood. 
Evidence is not yet conclusive that gout is a disease primarily of articu- 
lar or renal structures in contrast to a metabolic dyscrasia with joint 
and renal involvement as incidental processes. Thirdly, gout is a chronic 
disease and as in many chronic diseases there is great variation in the 
severity of somatic manifestations from patient to patient and consid- 
erable variation in the severity in afflicted persons during the natural 
course of the dyscrasia. Failure to appreciate this fact has led some 
physicians to attribute credit to a particular regimen, when in fact, the 
asymptomatic periods might have occurred irrespective of the treat- 
ment prescribed. 

It is the conviction of the writer that there is no known cure for 
CTout and that once the diagnosis is established the patient will have the 
malady throughout life. This does not mean that patients wUl have 

77 ;^ ,I.e Jlcdical Clinic, Massachusetts General Hospital and the Fatigue Laboratory. Harvard 

Tto Tnv^tigation was aided by a grant from the Corn Industries Research 

Presonted February 13, 1942 at The New York Academy of Med.cme, .as a Friday Afternoo 



The Treawient of Gout 


3 19 


acute symptoms continuously if treatment be neglected. On the con- 
trary, asymptomatic periods may persist for years in the absence of 
rigorous therapy. The malady, nevertheless, is a chronic disease as evi- 
denced by (a) a persistent elevation of uric acid (urate) in blood and 
body fluids of all gouty patients, (b) failure of regression of bony 
changes once they have become visible by .\'-ray, and (c) progression 
of renal structural damage. 

A liberal but not an inclusive interpretation of what is intended by 
the clinical term gout has been assumed in the preparation of this com- 
munication. Acute attacks of gouty arthritis, chronic deformed gouty 
joints, metabolic gout and gouty diathesis have been employed to 
e.xpress' the various manifestations of the gouty dyscrasia. The first two 
phenomena are orthodox clinical realities and are recognized by most 
observers as such. Metabolic gout, i.e. a metabolic dysfunction respon- 
sible for the malady, persists throughout life in affected persons but the 
only suspicion of its presence between acute attacks of gouty arthritis 
is an increased concentration of serum urate and occasionally an in- 
creased excretion of urinary urate. The connotation, gouty diathesis, 
is mentioned frequently by various physicians although it is not uni- 
versally accepted as a clinical entity. Several conditions, such as coro- 
nary sclerosis and gastrointestinal disturbances, have been attributed to 
the gouty diathesis in patients who show no evidence otherwise of 
suffering from acute gouty arthritis or metabolic gout. We are unwill- 
• ing to subscribe to a catholic interpretation of the gouty diathesis and 
prefer to restrict its use in non-gouty persons to those members of gouty 
families who show an increased concentration of serum urate as dis- 
cussed in the following paragraphs under heredity. 

Heredity' 

It has been recognized for many years that the familial incidence 
of gout is high.^ Recently it has been shown- that an increased concen- 
tration of serum urate in persons without gouty arthritis has a similar 
predominant familial incidence. Since 1935 more than 1^5 non-affected 
relatives of gouty patients have been investigated by us. The ages of 
the relatives varied from 6 to S6. Particular attenrion was mven during 
the clinical questioning to the matter of joint symptoms in the past as 
well as to the clinical e.xaminarion of joints for evidence of probable 
gouu' arthritis. After a careful study it was concluded that none of the 
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supposedly non-affected members was suffering from gouty arthritis. 
The concentration of uric acid in the blood, however, was elevated in 
nearly 25 per cent of the total and was similar in magnitude to that 
observed in their kin who suffered from typical gout. In view of the 
early age at which some of the subjects were investigated, it seemed 
probable that the increased concentration of serum urate was present 
at birth or shortly after. 

This phenomenon may be the true gouty diathesis. Of course it is 
also metabolic gout sine gouty arthritis. How many of the non-affected 
relatives will develop gouty arthritis subsequently will be most inter- 
esting. During the first six years after this study was started only one 
person with an elevated serum uric acid had an attack of gouty arthritis. 
It is possible that many will live a normal span of years without experi- 
encing any attacks. Since gout manifests a strong male preponderance 
among afflicted persons, the tendency to gout is probably sex-linked and 
males rather than females should be watched for possible development 
of gouty arthritis. If the gouty diathesis is recognized in an otherwise 
healthy person, treatment should be similar to that recommended for 
intercritical gout with the exception that drugs are probably not indi- 
cated. 


Acute Gouty Arthritis 

The treatment of acute gouty arthritis should begin with the recog- 
nition of the prodromata of an impending attack. These include among 
other symptoms, polyuria, gastrointestinal unrest, suppression of sweat- 
ing, and gain in body weight.^ Many of the prodromata accompany a 
fall in barometric pressure^ and at such a time the well informed patient 
will be particularly alert to the possibility of an impending attack. At 
the first appearance of premonitory symptoms, a few colchicine tablets 
(1/120 gr.) should be taken at hourly intervals. If the attack does not 
materialize within a few hours, further ingestion of colchicine is un- 
necessary. If symptoms progress from twinges and pangs to acute gouty 
pain, ingestion should be continued without interruption until an ade- 
quate amount of colqhicine has been taken. The thought to be stressed 
at this point is the desirability of continual vigilance by the patient. It 
is probably no exaggeration to affirm that a few hours delay in begin- 
ning colchicine ingestion may determine the severity as well as the 
duration of acute episodes of gouty arthritis.^ 
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A severe attack of gout may require from 8 to i6 colchicine tablets, 
the average is approximately lo, to achieve the desired effect. Adequacy 
is determined in the inexperienced by the appearance of untoward symp- 
toms which include, nausea, diarrhea, and vomiting. Many patients learn 
from experience die optimum number of tablets to consume with each 
attack of acute sout and are able to obtain the desired alleviation of 
joint pain without the undesirable gastrointestinal symptoms. Until 
patients have acquired this information, it is imperative that the inges- 
tion of colchicine be continued to the point of development of un- 
toward symptoms before advising cessation. If a sufficient quantity of 
colchicine is taken, subsidence of joint pain usually begins after twelve 
hours and should be complete within a period of from twenty-four to 
forty-eight hours. A few acute attacks, less than 5 per cent in our experi- 
ence, are not benefited materially by a single course of colchicine. If 
this be the case, a second course should be taken after a lapse of approxi- 
mately three days. It is unwise to repeat the course earlier since gastro- 
intestinal symptoms may develop before an amount of colchicine has 
been consumed adequate to affect joint symptoms. 

General measures for the treatment of attacks of acute gouty ar- 
thritis include bed rest, an abundant fluid intake, a soft diet and seda- 
tives. Bed rest usually is obligatory, nor is there any advantage to be 
gained by active motion of affected joints. A cradle for the bed clothes 
relieves local pressure upon involved structures. The application of hot 
or cold compresses contributes little since their soothing action is not 
great and alleviation of acute symptoms is not enhanced. An abundant , 
intake of fluids is important and ser\'es a dual purpose. During the acute 
stage of an arrack there is an elevation of body temperature, increased 
sweating, and a decreased intake of water and salt from loss of appetite. 
Dehydration of the body may become pronounced and volume of urine 
output markedly reduced. With a restricted urine output there is an 
abnormally high concentration of urate in the renal tubules and pre- 
cipitation of a portion of the urate as ciystals. The damage to the kidnev 
from this seijuencc of events may be one of the serious sequelae of an 
acute gouty attack. If the fluid intake is abundant, on the other hand, 
the internal environment of the body is maintained and volume of urine 
excreted is upheld. This can be achieved best by consumption of broths, 
soups, fruit juices and mil.k rather than by tea, coffee or sweetened 
beverages. The former fluids contain salts essential to the body v.-hich 



3 2 2 


THE BULLETIN. 


are dissipated by sweating and need to be replaced in greater than nor- 
mal amounts. A soft diet with a high percentage of carbohydrates is 
usually the choice of the sufferer. Aspirin, codeine, or morphine may be 
indicated to relieve pain. They usually are necessary for a period not 
exceeding twelve to twenty-four hours and should not be restricted if 
pain is severe. 

Intercritical Periods 

Acute attacks of gout should consume not more than a few days of 
each year; the great portion of the time then of any gouty patient is 
intercritical. Attention is centered as in the treatment of the acute 
attack upon physical activity, food, fluid and drugs. A gouty patient 
should be as active as possible between attacks. Prolonged bed rest after 
an acute attack has little beneficial effect upon gouty joints or upon 
the gouty dyscrasia and may be harmful in that it predisposes to an 
acute episode. 

The diet recommended for gouty patients has been modified in- 
numerable times through the centuries. The specific prohibitions have 
included carbohydrate, fat and protein. The conclusions of Ewart“ 
written in 1 896 are illustrative: “In gout, more than elsewhere, because 
of its idiosyncrasies, we should beware of dogumtism. Gout is undoubt- 
edly prevented by starvation; yet it does not follow that it may be 
cured on that plan. Gout may also be prevented by strict avoidance of 
animal food. This does not prove that it need in every case be treated 
on vegetarian principles. Again, although gout may fail to attack some 
of those whose diet is exclusively animal, we are not warranted in 
prescribing meat as the diet for gout. Each case should be studied on 
its own merits.” In the first edition of The Principles cmd Practice of 
Medicine^ Osler’^ cautioned against the use of carbohydrate in gout as 
follows: “The conversion of azotized food is more complete with a 
minimum of carbohydrates than it is with an excess of them— in other 
words, one of the best means of avoiding the accumulation of lithic 
acid in the blood is to diminish the carbohydrates rather than the azo- 
tized foods. Meats of all kinds, except perhaps the coarser sorts, such as 
pork and veal and salted provisions, may be used. . . . Fats are easily 
digested and may be taken freely.” The final statement is particularly 
interesting in view of the harm that has been attributed to fatty foods 
during the past decade.® It has been argued that if an excessively high 
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fac diet, 200 gm. or more, were capable of inducing an attack of gout, 
a low fat diet, 25 gm. or less, would be beneficial. While most physi- 
cians agree that an e.xcessively high fat intake is not desirable, restric- 
tions are not usually placed on a diet with an average fat content. 

Foods high in content of purines, such as liver, kidneys and sweet- 
breads should be avoided at all times. Tlie consumption of a liberal por- 
tion of other meats is probably harmless in the absence of advanced 
renal insufficiency. If a patient relates a close association between the 
ingestion of an article of diet and an acute attack, the advisabilit)- of 
avoiding this- food is self-evident. Most gouty patients, however, are 
unable to detect any close association and in the absence of suersestive 
data, a diet balanced in content of carbohydrate, fat and protein is 
advised. This sentiment was expressed more than 200 years ago by 
Cheyne'* as follows: “And indeed Temperance, and Moderation in 
eveiy Thing necessary for the Support of Life is best and safest.” 

A liberal intake of fluids is important in the treatment of inten’^al 
gout :ts it is during an acute attack. Spas and watering places of previous 
generations made a real contribution because of the custom of insisting 
upon copious imbibation of mineral waters. The qualitative mineral con- 
stituents were probably less important than the quantity of fluid con- 
sumed daily. The mechanism of the beneficial acaon of a large fluid 
exchange is clarified by the recent advances in understanding of renal 
processes, particularly in regard to the exchange of water and electro- 
lytes. 

It has been shown recently that the amount of glomerular filtrate 
formed by a normal person is more than 100 cc. per minute. It is a very 
constant amount under controlled conditions and is not altered appre- 
ciably by variations in fluid intake. Since glomerular filtrate is a protein- 
free filtrate of plasma, the amount of electrolytes including urate, 
present in the 100 cc. of plasma, is excreted through the glomerular 
membrane per minute. Of this amount at least 9S per cent of water 
and sodium chloride is reabsorbed by the renal tubules. If fluid innake is 
small, the per cent reabsorbed is even greater and less than i per cent of 
water may be received by the collecting tubules and excreted into the 
bladder. The reabsorption of urate, on the other hand, is quantitatively 
unlike that for sodium chloride and always is much less. Instead of a 
qS per cent reabsorption of salt, as mentioned above, only 90 per cent 
of urate is reabsorbed, leaving to per cent available for excreuon into 
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the urinary bladder^® If the solubility of urate were as great as the 
solubility of sodium chloride, the small amounts of water excreted would 
be sufficient to keep the large quantities of urate in solution. The solu- 
bility of urate in plasma and glomerular filtrate is near the maximum, 
however, and precipitation of urate and anatomical damage to the kid- 
ney are real possibilities. If a large amount of fluid is available for 
excretion because of a liberal fluid intake, precipitation of urate in renal 
tubules is inhibited. 

The alcoholic content of fluids should be regulated by rules of 
temperance rather than abstinence. We have not observed any alcoholic 
beverage or group of beverages to be an offender in an appreciable 
number of gouty patients. A few patients sense the close association 
between drinking a particular beverage and onset of acute gouty ar- 
thritis. Avoidance of the particular beverage is recommended under such 
circumstances. Probably the most harm from consumption of alcohol 
is the quantity taken rather than the quality. 

There are at least four types of drugs which have been used exten- 
sively in the treatment of gout. These are salicylates, cinchophen prepara- 
tions, colchicine preparations and alkalis. Salicylates have a place in the 
modern scheme of gout thereapy if it is believed desirable to “purge” 
periodically the body of urate. In 1879 See^^ discovered that salicylates 
increased the urinary excretion of uric acid. Two years later Campbell* 
wrote a treatise on their use in gout and pointed out that while salicy- 
lates increased the urinary output of urate, colchicum has no effect upon 
urate excretion. Salicylates have been used intermittently and sporad- 
ically since then for their diuretic action as well as for their analgesic 
action. 

Cinchophen has an effect upon urate excretioffi^* similar to that 
exerted by salicylate. There is no experimental data which suggests that 
either drug enhances urate output by altering the intermediary metab- 
olism of purines.^“ Neither is there any appreciable increase in amount 
of urate filtered by the glomerulus nor any change in permeability of 
the glomerular membrane for passage of urate. The site of action most 
likely is in the renal tubules^® and the process is one of inhibition of 
reabsorption of urate. The increased output in the urine is not unlike 
that which accompanies salyrgan diuresis^® and is produced by a mild 
toxic action on the tubules and impedence of normal reabsorptive proc- 
esses. Since cinchophen is known to be toxic to the liver cells, it is pos- 
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siblc that it is mildly toxic for renal tubular epithelium as well. 

Cinchophen is not used regularly at the i\Iassachusetts General FIos- 
pital because it is not believed to be indispensable in the treatment of 
gout. The incidence of cinchophen intoxication and death from acute 
liver poisoning throughout many parts of the world is noteworthy. 
Furthermore, the analgesic action in acute attacks is less reliable than 
colchicine. W'e are solidly behind the attempt of the Food and Drug 
Administration to reduce to a minimum the ingestion of cinchophen in 
this countr\^ Neocinchophen is reputed to be less toxic than cinchophen. 
Its action on renal exchange of urate is less powerful and if a similar 
quantitative effect upon this mechanism is desired, proportionately 
larger amounts of neocinchophen are needed. The supposed advantage 
of neocinchophen over cinchophen seems questionable. 

Colchicine is believed by us to be indispensable in the treatment of 
20Ut. Patients with 2out should never allow themselves to be without 
a vial of colchicine, whether at home, at work or abroad., The use of 
hcnnodatyl, the botanical from which colchicum is derived, is credited 
to Alexander of Tralles who recommended it to gouty patients in the 
6th Centur)^ A.D.^' In the 13th century Gilbert^® recognized the Ale.x- 
andrian discover)’- and referred to the colchicum preparation in use at 
that time as “Cathopcie Alexandcrine.” Benjamin Franklin, a sufferer 
from gout, is supposed to have introduced colchicum into the United 
States following his sojourn in France.^® In 1820 Pelletier and Caventou"® 
isolated the alkaloid colchicine from the meadow saffron or Colchicum 
autumnalc. In the same year Haden"* discoursed at great length upon 
the merits of colchicum and mentioned, among other things, the benefit 
derived from its use in a case of inflammator)’^ fever in a horse. 

Colchicine, the active ingredient of colchicum and the substance to 
be preferred in the treatment of gout, has gained considerable fame in 
recent years because of its action upon mitosis in plants. To produce 
this effect it is necessary to give, per unit mass of experimental material, 
approximately 100 times the therapeutic dose recommended for gouty 
patients. Suffice it to say, we do not need to concern ourselves about 
inducing cancer by the oral use of colchicine in therapeutic amounts, 
since the gastrointestinal tract rebels if this limit is exceeded by even a 
few tablets. 

The pharmacologic action of colchicine in gouty patients is not 
known. In 1S54 Gairdner^'"-^ maintained that its beneficial acnon was not 
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related to an increased excretion of urinary urate. Recent studies in our 
laboratory have confirmed this.^® In acute gouty arthritis it is almost 
specific for alleviation of pain. It is ineffective in non-gouty types of 
acute arthritis. The action of colchicine in intercritical periods is less 
specific than during acute attacks but, nevertheless, is beneficial to most 
patients. The majority of those afflicted should take some colchicine 
from time to tirne.-^ Those who experience not more than one attack a 
year will need a few colchicine tablets (1/120 gr. each) only at times 
when mild aches and pains in the joints appear. All other patients should 
consume some colchicine regularly. This habit may vary from not more 
than one or two tablets a week to a daily ration of one or more. Patients 
who have several attacks of acute gouty arthritis each year before begin- 
ning treatment should take at least two tablets on each of three days a 
week. In a few instances of severe gouty arthritis.we have recommended 
two or three pills each day of the year. Several patients have followed 
this schedule for as long as five years and no untoward effects from the 
prolonged ingestion have been noted. Tolerance to the drug does not 
develop and if an acute attack supervenes, a full course of colchicine 
seems as effective as in patients who take the drug less frequently. 

Alkaline waters and alkaline powders have some merit in the treat- 
ment of intercritical gout. The desirability of a large fluid exchange has 
been described. Alkaline powders have been advised because of the 
effect upon the hydrogen ion concentration of the urine. Urate is more 
soluble in an alkaline solution than in an acid media, the usual reaction 
of tubular urine. The increased excretion of urate in an alkaline urine, 
however, is quantitatively less than the increase which follows a large 
fluid exchange. 

Chkonic Deforming Gouty Arthritis 

Low grade symptoms between attacks may persist in the joints of 
o-outy patients with advanced structural changes. The symptoms are 
thought to be related to irreparable damage in the articular regions 
rather than to mild incipient acute attacks. Salicylates and colchicine 
are useful in control of such symptoms. Exercise is to be encouraged if 
the joints will permit it. Heat and massage are of little value. 

The surgical treatment of chronically deformed gouty jomts has not 
been explored extensively and until recently we have been reluctant to 
operate upon gouty joints. During the past five years, however, this 
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reluctance has been overcome chiefly because of the skilful manage- 
ment of the patients by R. R. Linton of the Surgical Service of the 
Massachusetts General Hospital. More than fifty operations have been 
performed upon gouty structures in more than twenty gouty patients 
during this. interval. In some patients large tophi were removed from 
elbows, hands or feet. This was considered desirable because, their size 
hindered normal movement of the limbs. In other patients, the urate 
tophi presented greater obstacles and the benefit was more pronounced 
by their removal. The patients were bedridden or semi-ambulatory from 
extensive deposition of urate in and about the articular structures of the 
feet. At least one tophus had broken down from trauma in each patient 
and a chronic sinus which discharged urate sludge persisted. Under such 
circumstances it was impossible to cleanse the sinus of bacteria before 
operation. In spite of almost certain contamination of the operative site 
extensive surgical procedures were consumated with no undesirable 
effects. Postoperative infection was never observed in any of the pa- 
tients. None was treated before or after operation with any of the 
sulfonamide derivatives. The only specific drug given was colchicine. 
Three tablets were given daily for nvo or three days before the opera- 
tion and for a similar period afterward. The incidence of postoperative 
acute gouty arthritis in patients prepared with colchicine was 8 per 
cent. In a control group of gouty patients not prepared with colchicine, 
the incidence of postoperative arthritis was 86 per cent. Of course the 
prophylactic use of colchicine at the time of any surgical procedure in 
a gouty patient is equally useful. 

Summary 

The modern treatment of gout as practiced by the writer is outlined 
in this communication. It is thought to be easy to follow and temperate 
in its prohibitions. The judicious ingestion of colchicine (1/120 gr. 
tablet) during the premonitory, incipient and inflorescent stages of acute 
gouty arthritis convinces the most skeptical of its merit. During the 
intercritical periods some colchicine, depending upon the severity of 
joint involvement, should be taken. The incidence of acute attacks may 
be markedly reduced by this regimen but unfortunately progression of 
chronic deforming changes is merely delayed and not prevented. An 
abundant fluid e.xchange aids in the elimination of urate and inhibits 
deposition of urate crystals in the renal tubules, A diet balanced in re- 
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gard to minerals, vitamins and foodstuffs should be consumed. If the 
periodic ingestion of a substance which augments urate excretion is 
desired, salicylate rather than cinchophen should be chosen. There re- 
mains but one discovery to be' made, i.e., some substance which will 
inhibit the increased formation of urate in the body. When this has 
become a. fact, metabolic gout will be a medical curiosity' and urate 
tophi unique. 
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subject of this paper has been chosen not so much to 
paint a picture of the past as to indicate what diseases 
among those ordinarily included in the field of tropi- 
cal medicine are likely to be encountered by our mili- 
tary forces in the present conflict, and how some of them 
may be controlled. The advance in medical knowledge has been so 
great since the settlement of this country and particularly since the 
Spanish-American war, that the present narrative will show the practi- 
cal disappearance of certain diseases from our armed forces; but our 
adventures into the tropics in the task we have now undertaken may 
well fill us with forebodings as to many of these diseases, and we may 
find ourselves confronted with others which we have heretofore not 
encountered. 

In order to indicate what has and what has not been accomplished 
in the control of tropical diseases in United States military forces up 
to the present time, I shall outline briefly the history of the more im- 
portant ones. 

The Diarrheal Diseases 

The diarrheal diseases include bacillary and amebic dysentery, 
cholera, salmonella and staphylococcus food poisoning, and the non- 
specific diarrhea associated with the drinking of water polluted with 
sewage. Dysentery was one of the greatest handicaps to the permanent 
esrablishment of the Jamestown Colony which in essence was a military 
occupation. An epidemic of “bloody flux” assisted in the defeat of 
Braddock’s campaign against the Indians in 1755. It undoubtedly was 
important in the War of Independence. During the War of 1812 it is 
said that on the frontiers in Vermont and New York State diarrhea and 
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dysentery almost invariably overshadowed all other diseases and were 
the only ones which could be called camp diseases. The medical history 
of the War Between the States^ devotes one of its two medical volumes 
entirely to the diarrheal diseases. The author of this volume, Joseph J. 
Woodward, was among the first to differentiate between the diphther- 
itic and ulcerative types of dysentery. He also recognized that it was 
often difficult to differentiate etiologically between dysentery and sim- 
. pie diarrhea. During that war there were recorded over 1,700,00.0 ad- 
missions for these diseases and over 44,000 deaths. They were the most 
important causes of illness in the Federal Army, and their case fatality 
rate increased progressively during the war, being six times as high 
in the last year as in the first. During the Spanish-American War the 
diarrheal diseases were reduced to about one-half their incidence iri the 
War Between the States, but were second in rank only to malaria. Dur- 
ing the' World War they were under excellent control and had dropped 
to the seventh most important cause of illness. In France, however, 
there were several epidemics of bacillary dysentery in the A.E.F,,® and 
Emerson^ reported that immediately after the Chateau Thierry opera- 
tion probably as many as 70 per cent of the troops engaged suffered 
from diarrheal diseases. In the Philippines, even during the World War, 
these diseases caused by far the highest admission and death rate among 
the American forces. 

x^lthough the pathological picture of amebic dysentery had been 
differentiated from that of bacillary dysentery by Councilman and La- 
fieur^ in 1891, and the pathogenicity of E. histolytica for man had been 
demonstrated in the Philippines by Walker and Sellards® in 1913, the 
first AVorld War gave the chief impetus to the modem study of ame- 
biasis, which has brought out the high incidence of E. histolytica in the 
general population and the importance of drinking water and flies in its 
transmission. In the latter connection, Craig'’ of the Army Medical 
Corps, described an epidemic of amebic dysentery among troops on 
the Mexican border in 1916, in which flies seem to have been the prm- 
cipal transmitting agent. We are still, however, not very far advanced 
in the control of amebiasis, since recent work indicates that the chlor- 
ination of water as prescribed for the killing of pathogenic bacteria will 
not kill the cysts of E. histolytica, although sand filtration, if properly 
conducted, appears to remove the cysts. This would probably be diffi- 
cult in many siraations in the present war. Craig’s suggestion^ of the 
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use of Diodoquin in weekly doses as a prophylactic may be of value for 
troops whose water supply may be polluted. 

The importance of salmonella and staphylococcus diarrhea has 
been recognized only in recent years. During the first World War an 
epidemic of diarrhea was reported in a unit of the A.E.F. which found 
it necessary to eat bread which had been insufficiently cooked. This 
epidemic may well have been caused by staphylococcus toxin. In the 
present conflict where troops may have to advance rapidly in the field 
or jungle far from safe water supplies, the temptation will be for them 
to slake their tropical thirst with polluted water, which may incapa- 
citate them with diarrhea, if not with typhoid or dysentery. It is to be 
hoped that our individual soldiers will be furnished with chlorine tab- 
lets for use in their canteens as one safeguard against these diseases. 

Effective vaccines against the dysenteries have not been developed, 
so that the protection of military forces against them in the present 
war must be conducted by the strictest possible sanitary measures. 

Cholera 

Cholera was first introduced into this continent in 1832 and pro- 
ceeded at once to cause a catastrophe in our armed forces, and to use 
them as a source of spread to the civilian population. Troops of Gen- 
eral Winfield Scott proceeding to the Black Hawk War from New 
York by way of the Great Lakes, lost two thirds of their command 
from cholera and desertion.® Their progress was so delayed that they 
did not reach their destination until the war was over, but they did 
spread cholera down the Mississippi Valley. Again in 1867 cholera en- 
tered the United States and was spread by negro troops from Jefferson 
Barracks, Missouri, to other troops and civilians throughout Kansas and 
as far as New Me.xico.'’ These were apparently the only two pandemics 
of cholera in ^^’hich our armed forces were involved, and fortunately 
the modem knowledge of the disease has kept it out of North America 
and Western Europe during this century. There was a general outbreak 
of it. however, in the Philippines as late as 1934 and it is still endemic 
in India and China. A serious epidemic occurred in the coastal regions 
of China in 1938. Cholera vaccine, although not strongly antigenic, con- 
fers a certain degree of protection for a few months and the disease 
will possibly be prevented in our araied forces during the present war 
by repeated vaccination of those who may be exposed. 
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Typhoid Fever 

Typhoid fever was not dearly described untii 1829 and was not 
clearly dilferentiated from typhus until 1837, so that earlier records of 
its incidence are unrehable. During the War Between the States^® over 
75,000 cases and 27,000 deaths were ascribed to it. It stood next to 
diarrheal disease and malaria as a cause of illness and was second only 
to diarrheal disease as a cause of death. At that time Budd’s demonstra- 
tion^^ of the water transmission of typhoid fever had not been pub- 
lished, and although Woodward in discussing the etiology of the diar- 
rheal diseases mentioned typhoid among the diseases which might be 
caused from “contagia” in the dejecta of the sick, he stated that the 
evidence was far from conclusive. The incidence of typhoid was high- 
est in the first year of the war, the admission rate being 79 per thousand 
white troops. The rate decreased to 17 in the last year of the war but 
there was a steady increase in the case fatality rate from 25 per cent 
in the first year to 53 per cent in the last year. Whether this was due 
to exhaustion of the troops, to poorer care during more vigorous cam- 
paigns, or to inaccurate diagnosis is not indicated in the records. Dur- 
ing the Spanish-American War typhoid fever was a major calamity. It 
took its chief toll among the volunteers, most of whom remained in 
the United States. Vaughan^- gives the morbidity rate for typhoid as 
193 cases per 1000, which means that nearly one-fifth of the troops con- 
tracted the disease. Deaths from typhoid constituted 86 per cent of the 
total deaths in the armed forces. The report of the investigating com- 
mission pointed out that the belief that typhoid was almost entirely 
transmitted by drinking water had led to the gross neglect of other 
sanitary methods of prevention. The lessons learned in this war, how- 
ever, were invaluable for they indicated the necessity of rigid sanitation 
which thereafter became a major activity in the armed forces. Frederick 
Russell of the Army Medical Corps soon developed typhoid vaccine and 
in 1910 it was made compulsory for all personnel in the army,^® The 
typhoid admission rate dropped practically to zero in 1913, and has re- 
mained at a very low figure since that time. Even during the first World 
War it was of negligible importance, as only 1529 cases were reported. 
Most of these occurred in France during the offensives which car- 
ried the troops into areas rapidly evacuated by the Germans. The con- 
trol of typhoid was one of the greatest accomplishments in military 
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medical history. It is to be hoped that in the present conflict this dis- 
ease may be of minor importance. Colonel Joseph F. Siler and his col- 
laborators at the Army Medical School have recently made an impor- 
tant contribution to our knowledge of immunity following typhoid vac- 
cination by the development of the mouse-protection test, and have 
made it seem probable that a frequent small stimulating dose of vac- 
cine following the initial three doses, will confer a reasonable degree 
of immunity to the disease. It should be emphasized, however, that in 
the first World War sanitation was probably more important than vac- 
cination in preventing infection, since most of the cases occurred in 
vaccinated individuals and our troops were not exposed to the total 
lack of sanitation existing in most parts of the tropics. 

Malaria 

Malaria probably always has been and still is the major endemic 
disease of most of the tropics inhabited by man. Recognized by the an- 
cients, harassing the early settlers of this country, and taking its toll 
among civilians and soldiers alike until after the Spanish-American war, 
it has been deliberately controlled only in the most favored parts of the 
tropics and subtropics. During the War Between the States^® it was the 
second most important cause of illness in the Federal Army and the 
third most important cause of death. Including typho-malarial fever, 
most of which was probably estivo-autumnal malaria, its death rate 
was 26 per xooo Avhite troops. The annual case rate increased progres- 
sively during the war. These were northern troops operating mostly in 
the southern states and the increase in rate undoubtedly indicates a pro- 
gressively increasing reservoir of infection, which spread the disease in 
the northern states after the war. In the Spanish-American war^^ malaria 
was by far the most common disease. Its admission rate among volun- 
teers, most of whom remained in this country, was 574 per thousand, 
and among Regular Army troops, many of vdiom went to Cuba and 
the Philippines, 693 per thousand. In other words, considerably over 
half of the troops had malaria. 

In the occupation of Cuba following the Spanish-American War, 
Gorgas took measures nor only against the yellow fever mosquito but 
against the Anopheles as well, and greatly reduced the death rate in 
Flavana by drainage and other sanitary measures. When Gorgas trans- 
ferred his activities to the Panama Canal Zone the malaria mortality was 
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reduced by similar measures but the disease has never been com- 
pletely controlled because of the necessity of troop movements in un- 
protected areas. 

We may expect a tremendous morbidity and mortality from malaria 
in the armed forces during the present conflict. Only by the most care- 
ful planning in advance can we hope to keep the incidence of the dis- 
ease reasonably low, even in the predetermined bases established in the 
tropics. We have no true prophylactic against the disease. Quinine and 
atabrine when taken as prophylactic drugs merely postpone the de- 
velopment of symptoms in individuals bitten by infected mosquitoes. 
Already individuals connected with the defense program are return- 
ing from tropical areas suffering from the malignant estivo-autumnal 
disease. The relapse rate is high under the best known methods of treat- 
ment, and we may expect a large residue of chronic cases following 
the present war. Furthermore, the discovery that both quinine and 
atabrine decrease the efficiency of aviators at high altitudes, makes it in- 
advisable to use these drugs as preventives in these men, thus exposing 
the most important arm of the service to disability and ineffectiveness. 
There is indeed a great need for the discovery of a true prophylactic 
against malaria. 

Yellow Fever 

Yellow fever took its principal toll in this country before the War 
Between the States, although epidemics continued to occur as late as 
1905. There is little evidence that it was important in our military 
history until the Spanish- American War. Then the campaign in Cuba 
and the subsequent occupation of the island made it an important 
military as well as civilian problem. There is no need to recount the 
brilliant work of the Army Research Board under Walter Reed in dis- 
covering the mosquito transmission of the disease, or Gorgas’ successful 
campaign in eliminating it from Havana and the Canal Zone, or the 
practical elimination of it as an epidemic disease from Central and 
South America and the West Indies by the combined efforts of the 
Rockefeller Foundation and the Latin American countries. The brilliant 
work of the staff of the International Health Division of the Rockefel- 
ler Foundation in transmitting the disease to monkeys and mice, in 
determining its past and present distribution by the mouse-protection 
test and the viscerotome, in discovering its endemic existence in the 
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jungles of South America, and in developing an effective vaccine against 
it are also well known. Perhaps it is not so well known that the disease 
is endemic in Africa as far east as the Sudan, making the threat of its 
extension by rapid transport to the east coast of Africa and even to un- 
touched Asia an ominous possibility. Although our armed forces will 
be protected by vaccination, they and commercial aviation may be 
the means of carrying it to virgin areas where Aedes aegypti can trans- 
mit it in its old epidemic form. No greater calamity to the people of 
Asia could result from the present war. 

Other Tropical Diseases 

Certain other diseases of the tropics which have nor in the past 
been important in our military forces, should be mentioned because 
of their possible importance in the present conflict. 

Bubonic plague is endemic in China, Burma, Indo-China, Java, In- 
dia, Africa, South America and the western United States. In the United 
States it is slowly moving eastward toward the Mississippi Valley. Epi- 
demics of pneumonic plague are always a threat in North China and 
small epidemics have occurred recently in Ecuador. Although a vac- 
cine is available for military personnel going into endemic areas, it 
gives only partial protection, and the destruction of cities may u'cll 
cause the occurrence of epidemics to which troops may be exposed. 

Typhus fever has not been an important disease in our military 
forces since the War of Independence but it devastated Europe during 
the first AVorld ^Var and has often been a determinincr factor in mili- 

O 

tary campaigns. It is to be hoped that effective louse control will pre- 
vent its becoming important in the present conflict. The endemic mu- 
rine type of the disease transmitted to man by the rat flea has extended 
considerably in the southern United States during the past twenty 
years and the possibility that it may be the source of louse-borne 
epidemics should be kept in mind. 

Leprosy, although not very infectious, caused a few individual tra- 
gedies among our troops in the Philippines following the Spanish- 
.•\merican war and a few cases may be e.xpected in veterans of the 
present war. Since the disease is endemic in Louisiana, Texas and Flor- 
ida, the exhaustion of our people bv a long war might contribute to its 
further spre-ad. 

Ben-ben need be mentioned onlv because of its prevalence amono' 
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the Asiatics with whom our forces will be associated during the present 
war. It should be recalled, however, that its high incidence in the Phil- 
ippines led Vedder of the Army Medical Corps to make it the subject 
of important studies with regard to its treatment and prevention, and 
led R. R. Williams into the study which recently accomplished the 
synthesis of thiamine. 

Dengue fever, the transmission of which by Aedes aegypti mos- 
quitoes was conclusively demonstrated in the Philippines by Siler and 
his co-workers of the Army Medical Corps, has a wide distribution 
throughout the tropics and subtropics and periodically causes devastat- 
ing epidemics even in the southern United States. It is possible that 
the disease may incapacitate large bodies of our military personnel in 
the Far East at critical times during the present war. 

Trypanosomiasis is a distinct threat to troops operating in the in- 
terior of Africa, and leishmaniasis or kala-azar is widely prevalent 
in the Mediterranean area, India and North China. Schistosomiasis, the 
blood-fluke disease, acquired by contact with water containing the 
larval stage, is endemic in Puerto Rico and other West Indian islands, 
in the northeastern countries of South America, in Africa, the Near 
East, Central China, Japan, Formosa and the Philippines, and precau- 
tions must be taken to keep troops out of infected water if possible. 
Already a report has been received that American soldiers may have 
become infected in a shower bath supplied from an infected pool. Fi- 
nally, mention should be made of the highly fatal Far Eastern rickettsial 
disease, Japanese river fever, which is transmitted by a mite and is 
present in Malaya. 

The Golden Age of Tropical Medicine in United States history 
was the first two decades of the present century, when yellow fever, 
malaria, hookworm, typhoid and the dysenteries were largely brought 
under control. Representatives of our Army and Navy Medical Corps 
and the U. S. Public Health Service were very important factors in this 
work, and the Bureau of Science in Manila gave experience to many 
men who have become our leading authorities on tropical medicine. 
Most of the men responsible for this Golden Age have now died or 
retired from active service, and relatively few young men have en- 
tered the field to take their places. It is to be hoped that one benefit 
which may accrue from the present world tragedy will be the stimu- 
lation of another group of young men to undertake the solution of the 
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many problems in tropical medicine which still remain. Ic is deplor- 
able that, ;xs in the Spanish-American war, we find it again necessary 
to send most of our young medical officers into the tropics with little 
or no knowledge of tropical diseases. This war will probably be a long 
one and it is not too late for the medical schools of the country to make 
tropical medicine as important a subject in the curriculum as it will 
be for medical "raduates who accompany our armed forces to the 
tropics. 
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EFFECT OF TONSILLECTOMY ON 
RESPIRATORY INFECTIONS IN CHILDREN* 


Albert D. Kaiser 

Consultant in Pediatrics, Rochester General Hospital, Rochester, N. Y. 


P.SESESESHSHSE'Sggpjj^^Qj^Y infections in infants and in children comprise 
the most common group of illnesses for that age group. 



Statistical evidence points to a lowered mortality and 
morbidity rate from these diseases during the last ten 
^ years but no specific measures have been developed that 
assure reasonably certain control of these common infections. Though 
the common respiratory infections termed colds, sore throat or tonsil- 
litis, laryngitis, bronchitis and pneumonia represent the usual manifesta- 
tions in infants and in children, such complaints as otitis media, cervical 
adenitis and sinusitis must be considered as a part of or as sequelae of 
respiratory infections. 

Before assigning to respiratory infections any causative or influencing 
factors certain data pertaining to these infections must be recognized. 
Though children at all ages may contract any of the respiratory infec- 
tions it has been demonstrated that all of these infections are most 
prevalent in the age grouping of three to seven years. It is also certain 
that geographical location and climatic advantages influence the occur- 
rence of these complaints. These accepted facts must not be lost sight 
of when any single factor is considered that might influence the inci- 
dence or course of these respiratory infections in children. 

Definite progress has been made in the control of respiratory infec- 
tions. Advances in the science of nutrition, particularly with reference 
to vitamin and mineral needs have played a part in developing resistance 
to respiratory infections. Epidemiological studies leading to a more 
intelligent handling of children have aided in this control. To immuno- 
logical studies and recently to chemotherapy can be ascribed significant 
gains in the management of these common infections. For at least two 
decades there has been a strong conviction among the medical profes- 
sion and in lay groups that the tonsils and the adenoids play a significant 
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Chart 1. Tonsillitis and sore tliroat among 2^200 tonsillec- 
tomized and 2,200 nontonsillectoinized children. 


part in predisposing to or in prolonging these common infections in chil- 
dren. It is important therefore to study this supposed contributing fac- 
tor to determine if possible the role of the tonsils and adenoids in res- 
piratory infections. 

Mindful of the fact that no scientific evidence is at hand to explain 
the part the tonsillar tissue plays in the economy of the child, it 
became necessary to follow the development of a group of children 
to adolescence, recording the sequence and the number of their respira- 
tory infections over a period of years. It was possible to follow a group 
of 4,400 children for a period of ten years, half of whom had their 
tonsils and adenoids removed and the other half were not treated sur- 
gically. The initial e.xamination and the obsen'ation of these children 
began when they were between the ages of four and seven years and 
continued into their high school period. At the time of their initial 
examination the indications for tonsillectomy were numerous but in gen- 
eral about the same for the entire group of children. For various rea- 
sons only one half of the total group (4,400) submitted to the operation, 
so the unoperated children served as controls. The incidence and the 
trend of a particular type of infection was noted in each child whether 
in the operated or in the unoperated group. 

Tonsillitis: (Chart i.) From these studies it was noted that tonsillitis 
was a common complaint in young children. Approximately 38 per 
cent of the 4,400 children utilized were subject to repeated attacks of 
tonsillitis (at least two febrile attacks a year) during the first seven years 
of life. As is indicated in Chart i the incidence of sore throat was de- 
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cidedly lessened during the ten year period. In the group in which the 
operation was not done attacks of tonsillitis recurred with only a slight 
decrease in frequency during the same years. When one compares the 
incidence of this infection in the two groups it is obvious that the 
common ailment termed tonsillitis or sore throat occurred less frequently 
in the patients in whom the tonsils had been removed. In other studies, 
notably those of Selkirk and Mitchell,^ similar results were obtained 
insofar as this complaint was concerned. 

Coimnon Cold: (Chart 2.) The common cold (four colds or more 
a year) occurred with about equal frequency in the two groups under 
observation. Approximately 42 per cent of the children were subject 
to this repeated infection up to the age of seven years. Over the ten 
year period the children who were operated on showed only a slight 
advantage over the children who were not, an advantage which cannot 
be considered statistically significant. It is quite likely that the removal 
of the adenoids benefited the younger children but as the children ad- 
vanced in years the adenoid tissue retrograded, so that the children who 
were not operated on were liltewise benefited. Though the trend, as far 
as frequent colds are concerned, is downward as the child increases in 
age, there is insufficient evidence to show that the role of the tonsils 
is a significant one, either in predisposing to or preventing this common 
infection. Adenoids, especially if they are obstructive, do play a sigm- 
ficant part in predisposing to colds in young children but less so m 
older children. 
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Chart 3. Otitis media (purulent) among 2,200 tonsUlec- 
tomized and 2,200 nontonsillectomized children. 


Otitis Media: (Chart 3.) Otitis media may exist independent of a 
respiratory infection but in many instances it occurs coincident with or 
as a sequela of other oral infections. Only purulent otitis media was con- 
sidered in a study of this infection. It was noted that 15 per cent of 
the children who were subsequently operated on had suffered from 
purulent otitis media before the ages of from five to seven years, while 
in the control group 12 per cent were likewise affected. During the 
three year period following the tonsil and adenoid operation the inci- 
dence of otitis media was considerably lower in the operated group 
than in the unoperated children. It seems likely that the removal of the 
adenoids was responsible for this advantage, for during the next seven 
years the unoperated children fared as well and even a little better 
than those who were operated on. The age factor must be considered 
in evaluating the role of the tonsils and adenoids in this infection for, 
regardless of the presence or absence of the tonsils, this type of infection 
becomes less frequent after the eighth year of life. From these observa- 
tions one can conclude that the tonsils play an insignificant role in the 
production of otitis media but that the adenoids may influence the inci- 
dence of this infection in children bervveen three and eight years of age. 

Cervical Adenitis: (Chart 4.) Cervical adenitis in children is usually 
secondary to a nasopharyngeal infection. It was noted that in each group, 
operated and control, 15 per cent of the children had definite enlarge- 
ment of the cervical glands before the ages of five to seven years. Only 
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Chart 4. Cervical adenitis (acute and chronic) among 
2,200 tonsiUectomked and 2,200 nontonsillectomvied 
children. 


children in whom there was a visible enlargement of the cervical glands 
have been considered. During the three year period following tonsillec- 
tomy the incidence of cervical adenitis in the children who were oper- 
ated on was 5 per cent as compared to an incidence of 14 per cent in 
the children who were not. Over a longer period of time a number of 
tonsillectomized children showed a recurrence of cervical adenitis, ac- 
counting for an incidence of 7 per cent at the end of ten years; while, 
among the children used as controls, the incidence of this complaint 
was 14 per cent. The statistical evidence in this study as well as in other 
reported studies shows a significant favorable trend for the relief of this 
complaint in the groups in which a tonsillectomy had been done. 

Smusitis mid Nasal Allergy: Children with acute sinusitis, nasal al- 
lergy and allergic involvement of the sinuses are not favorably influenced 
by tonsillectomy. These conditions develop with equal frequency in 
children whose tonsils and adenoids have been removed in early child- 
hood and in untreated children. The surgical removal of the tonsils and 
adenoids rarely benefits this condition. Observations made by BuIIen" 
and recently by Hansel and Chang'* indicate that the role of the tonsils 
and adenoids is not an important one in the causation and treatment of 
these manifestations. 

Laryngitis: Recurrent laryngitis occurred in 3 per cent of the chil- 
dren before the operation and in 5 per cent of the children in the con- 
trol group over the same period of time. For the three year period fol- 
lowing tonsillectomy the incidence was not changed in either group. 
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Chart 5. Pulmonary infections (bronchitis and pneumonia) 
among 2,200 tonsillectoniized and 2,200 nontonsillectomized 
children. 


At the end of the ten year foilow-up period, 8 per cent of the children 
operated on were subject to recurrent attacks of laryngitis, while lo 
per cent of the children used as controls were similarly affected. There 
is no obvious change in the incidence of this infection after the removal 
of the tonsils and adenoids and it would seem that the role of the tonsils 
and adenoids is not an important one in the occurrence of this infection. 

Bronchitis and Pneianonia: (Chart 5.) In the case of upper respira- 
tory infections the tonsils and adenoids are usually involved if they are 
present. In pulmonary infections these lymphoid structures may or may 
not be involved depending upon whether the pulmonary infection is 
primary or secondary to an upper respiratory infection. It is of interest, 
however, to discover, if possible, whether bronchitis and pneumonia 
occur less frequently or more frequently after the tonsils and adenoids 
have been removed. In analyzing the two groups it was found that 
pulmonary infections occurred more frequently in children during the 
first five years of life than in the next ten years. Such is the usual inci- 
dence of these infections. Undoubtedly some children subject to pul- 
monary infections are operated on because of this tendency, for more 
of the children who underwent the operation had repeated attacks of 
bronchitis and pneumonia before the ages of five and seven years than 
in the group of children who were never operated on. In spite of this, 
the trend was definitely for more pulmonary infections in the tonsillec- 
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tomized group over the ten year period than for the control children. 

It seems that the absence of the tonsils either increased the chances 
of developing bronchitis and pneumonia or else the tonsillectomized 
group represented the more susceptible individuals and the operation was 
not responsible for the increased incidence of pulmonary infection. 
There seems to be no evidence to show that the tonsils and adenoids 
predispose the child to a pulmonary infection. There is suggestive evi- 
dence that the absence of the tonsils may encourage pulmonary involve- 
ment due to the fact that the soil in which bacteria might develop has 
been removed in the oral cavity. 

When one reviews the statistical data dealing with the various in- 
fections it is quite evident that one can only talk about trends rather 
than what happens in an individual case. From clinical experience it is 
well known that the tonsils and adenoids play a very significant role 
in predisposing to respiratory infections, but can one deduce from 
these isolated results that the role of the tonsils is the same in all children? 
If it were so, the trends brought out by these statistical studies would 
be much more favorable for the operated group than our analysis 
shows. It can be assumed, however, that a favorable trend for a given 
infection in either group denotes the role the presence or the absence 
of the tonsils plays in the incidence of that infection. With that inter- 
pretation of the results it is clear that the tonsils and adenoids do play 
a significant role in the incidence of the upper respiratory infections 
while in the case of pulmonary infections the presence of the tonsils 
does not increase the incidence of bronchitis and pneumonia. 

Recent advances in the treatment of respiratory infections may alter 
our opinion as to the significance of the tonsils and adenoids in these 
infections. The improved dietary factors which are now assured a large 
percentage of the children and the general use of sera and effective drugs 
in the treatment of respiratory infections have brought about a favor- 
able effect on the morbidity and the mortality in these infections. The 
incidence and severity of respiratory infections has been shown to be 
less in adequately fed children than in children with known deficiencies 
in diet. The use of anti-pneumococcus serum and such drugs as suLfa- 
pyridine and sulfathiazole have materially reduced the mortality of pneu- 
monia in children. Consequently the role of the tonsils and adenoids 
appears to be less important than during the period when no specific 
remedies were available. The control of the respiratory infections can- 
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not be considered accomplished however unless measures are developed 
chat assure some degree of protection against the infection. It is in the 
field of prevention that the tonsils and adenoids may play an important 
role. One can therefore interpret the findings in this study as of signi- 
ficance in reducing the incidence of upper respiratory infections even 
chough their removal does not tend toward a lower incidence of pul- 
monary infections. 

Discussion 

After making due allowance for the various procedures chat are 
known to influence the incidence and the treatment of respiratory infec- 
tions in children, the evidence gathered from this study does indicate 
that there is a relationship beuveen the tonsils and adenoids and respira- 
tory infections. If one separates these manifestations into upper and 
lower respiratory infections it is clear chat the tonsils and adenoids in- 
fluence the upper type of respiratory infections and do not favorably 
influence the lower or pulmonary infections. It is probable that the 
presence of the tonsils may even act as a safeguard against pulmonary 
infection inasmuch as the unoperated children showed a slightly lower 
incidence of bronchitis and pneumonia. The measurable benefits of ton- 
sillectomy and adenoidectomy to the children who have been subject 
to tonsillitis, colds, otitis media and cervical adenitis justify the operation 
in these children and make it a desirable procedure. The benefits how- 
ever, though striking in the case of tonsillitis and cervical adenitis, are 
not great enough to advocate a prophylactic tonsillectomy in children 
with the idea of reducing the incidence of respiratory infections. The 
statistical evidence agrees with the general clinical experience that cer- 
tain types of upper respiratory manifestations can be reduced if the ton- 
sils and adenoids are removed but other manifestations may actually 
occur more frequently following the operation. The type of respiratory 
complaint to which the child is most susceptible must determine 
whether the tonsils or adenoids are likely to be a liability to the child. 
From clinical experience and from a study of the statistical evidence 
some idea is obtained as to the role of the tonsils and adenoids in the 
case of a specific complaint. Where the role of the tonsils and adenoids 
appears to be favorable to the production of clinical symptoms the sur- 
gical removal of the tonsils is advocated. 


Conclusion 


The tonsils are undoubtedly responsible for many upper respiratory 
infections especially in children subject to tonsillitis and to cervical ade- 
nitis and can be considered as playing an important role in these infec- 
tions. Tonsillectomy is desirable in such children. 

The adenoids appear to be a causative factor in some children who 
develop frequent colds and middle ear infections. In the age period of 
three to seven years the adenoid structures are particularly a menace to 
many children and their removal does assure some protection against 
similar recurrent attacks. Adenoidectomy is advised in such children 
either alone or along with a tonsillectomy. 

For the relief and protection against sinusitis and nasal allergy no 
statistical evidence is available to justify any protection by either the 
removal of the tonsils or adenoids or both organs. In the production of 
these clinical manifestations the tonsils and adenoids seem not to play 
any significant part. 

Evidence obtained in this study does not support the opinion that 
laryngitis, bronchitis and pneumonia can be reduced in incidence by 
removing the tonsils and adenoids. It appears that laryngeal, bronchial 
and pulmonary infections are not dependent upon the presence or ab- 
sence of the tonsils and that these lymphoid structures do not play a 
significant role in lower respiratory diseases. 

Improved hygienic and dietary measures along with successful spe- 
cific therapy of pulmonary diseases have brought about a condition 
which justifies the statement that is now generally accepted that the 
role of the tonsils and adenoids in the average child is not as important 
today in the control of respiratory infections as was thought to be the 
case a decade or two ago. 
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RELATIONSHIP OF UPPER RESPIRATORY 
INFECTIONS TO CHRONIC ARTHRITIS* 


Ralph Henderson Boots and Robert L. iMcCollom 



l^ESPiTE the fact that otolaryngology has reached a high 
peak in New York City, there seems to be as much 
chronic arthritis here as thirty years ago. Whereas there 
was one Arthritis CLoic in New York in 1920, now there 
^ are nventy-five, and aU of them filled with patients. No 
one has gone so far as to place the blame for this on the Nose and Throat 
Surgeon, but these facts have been used as an argument against the 
removal of foci of infection for the treatment of the various forms of 
rheumatism. 

Cecil and Angevine,^ in a study of two hundred cases of typical 
rheumatoid arthritis reported that chronic focal infection played a com- 
paratively unimportant role, and probably rightly stressed the idea that 
physicians should exercise a more conservative attitude regarding the 
treatment of tonsils, teeth, and sinuses. Recent writings such as this and 
discussions among rheumatologists have led to a swing of the pendulum 
away from removal of such foci. Perhaps it will swing too far and to 
prevent this, a review of our present knowledge is desirable, for we still 
believe that in certain cases of chronic rheumatism there is a relationship 
to upper respiratory infection. Surgical treatment is to be advised in 
many such cases, and one can expect definite improvement in the 
patients. 

The thought that there could be a connection between dental or 
tonsillar infection and certain chronic diseases in the rest of the body 
goes back many years. However, it was not until the beginning of this 
century with the advance of bacteriology that this connection was popu- 
larized and an attempt made to place it on a scientific basis. Frank 
Billings,* in 1911, made the medical profession generally conscious of 
focal infection in the teeth, tonsils, sinuses, ears, gall bladder, appendix, 
urinary tract, prostate and bronchiectatic cavities. According to him. 


* Read at the meeting of the Section of Otolaryngology of The New York Academy of Medicine, 
November 18, 1941. 

From the Edward Daniels Faulkner Arthritis Clinic of the Presbyterian Hospital and the Department 
ot Medicine, College of Physicians and Surgeons, Columbia University. 
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the chief systemic diseases which resulted from such infections were 
chronic arthritis, nephritis, cardiovascular degeneration, chronic neu- 
ritis and myositis. Many papers soon appeared in the literature on this 
subject and it was not long before a patient with chronic arthritis was 
examined primarily with the viewpoint of what further focus could be 
removed or treated. This period seems to have lasted until about 1930, 
when better methods of differential diagnosis of the various arthritic 
diseases lent a more critical attitude to such foci. No longer is the patient 
viewed as having “chronic arthritis,” but as to whether or not he has 
rheumatoid arthritis (a chronic infectious form), osteoarthritis (a de- 
generative form), gonorrheal arthritis, tuberculous arthritis, gout or some 
other definite type. Obviously some of these were not primarily the 
result of “foci of infection.” 

During the past thirteen years of our investigations in the Arthritis 
Clinic at the Presbyterian Hospital, we have had an opportunity to 
make certain observations concerning this problem, and have gained 
definite impressions which can be presented. We see an average of one 
hundred arthritis patients each week, and it has been possible to make an 
accurate diagnosis of the type of arthritis in all except a very few cases. 
The ear, nose and throat examinations have been made by one of the 
authors, who has worked directly in the clinic in order to have a closer 
contact between the otolaryngologist and the internist. This direct col- 
laboration has proven much more satisfactory than referring the patients 
for routine examination and care to the nose and throat clinic. In a pre- 
liminary report from our clinic in 1938, McCollom® stressed the im- 
portance of an accurate diagnosis; that there are many types of arthritis 
that we are sure are not nose and throat problems. He had encountered 
three patients with gonorrheal arthritis in one year, who had had the 
tonsils removed in an attempt to clear up the arthritis, without waiting 
to establish the diagnosis of the arthritis involved. 

It is necessary to discuss each type of arthritis separately in order to 
gain an understanding of any relationship. Certainly it should be empha- 
sized that in each, statistical studies of improvement following removal 
of foci are of little value. One need only consider the difficulty of 
evaluating improvement in rheumatoid arthritis with vaccines, sulphur, 
gold, bee venom, etc. These are definite substances. How much more 
difficult it is to evaluate the effect of removal of so-called diseased ton- 
'sils, when frequently it is impossible to say whether or not they are 
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diseased! So, our conclusions are drawn not so much from statistical 
studies as from a better understanding of the disease processes of the 
type of arthritis considered. 

RheuxMAToid Arthritis 

(Synonyms: Atrophic, Chronic Infectious Arthritis) 

About two-thirds of all cases of chronic arthritis fail fairly equally 
into one of two groups— rheumatoid arthritis and osteoarthritis. 

The first of these, rheumatoid arthritis, is thought to be an infectious 
disease, in contradistinction to osteoarthritis which is considered a de- 
generation or “old age” of joints. It rarely kills, so that we see these 
fairly young patients year after year, and every form of therapy is 
tried. They are subjected to all sorts of cures. This has been the type of 
arthritis above all others in which it has been considered justifiable to 
remove any focus of infection, especially dead teeth or tonsils. 

The typical picture is that of a young adult, thin, with symmetrical 
spindle-shaped or fusiform swelling of joints. The patient frequently 
has low-grade fever, anemia, vasomotor changes, subcutaneous nodules 
and sometimes enlargement of liver and spleen. It is a systemic disease 
and not one simply of local involvement of the joints. It occurs three 
times as frequently in women as in men. It is a disease of temperate 
climate— the farther south one goes, the less the incidence of the disease, 
it being practically unknown in tropical or desert regions. The incidence 
corresponds closely to that of hemolytic streptococcal diseases. Sixty 
per cent of such cases have agglutinins for hemolytic streptococci in 
their blood sera and this finding is used for differential diagnosis— such 
agglutinins not being found in any other chronic disease. Most investi- 
gators have held that there may be a definite relationship between this 
disease and hemolytic streptococcal infection. This relationship, how- 
ever, is not definite, as no bacteria can be recovered from the blood 
stream or the joints of these patients. Instances in which the disease is 
ushered in by infections of the upper respiratory tract occur so fre- 
quently that a causal relationship is suggested. In some there appears to 
be a definite association between an attack of tonsillitis and the onset 
of the disease, while in other cases the sinuses seem to be responsible. 

In Tables I and II is an analysis of 180 cases of rheumatoid arthritis, 
with reference, to upper respiratory infections. Table III shows the 
results of tonsillectomy in this group. 
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Taih-e I 

RELATIONSHIP BETWEEN UPPER RESPIRATORY INFECTIONS AND 
RHEUMATOID ARTHRITIS IN 180 CASES 


Group 


Cases 

Percentage 

A 

! History 
quent 
much 

of Upper Respiratory Infections (f re- 
sore throats, colds, grippe or sinusitis; 
more frequent than average) 

92 

51% 

B 

Average or Less Than Average Upper Respira- 
tory Infections 

88 

49% 


Tabu: II 

92 CASES OF RPIEUMATOID ARTHRITIS WITH FREQUENT UPPER 
RESPIRATORY INFECTIONS (Group A, Tal)le I) 


Casen 

Rlieiunatoid Arthritis Cases — Onset Immediately Following Upper Respiratory 


Infections 37 

Rheumatoid Arthritis Cases Accompanied by Sinus Infections 58 

(a) Purulent Sinusitis* 30 

(b) Non-Purulent Sinusitis 28 


* In most cases with the treatment of the purulent sinusitis, there occurred an improvement of tlie 
rheumatoid arthritis. 


Table HI 

RELATIONSHIP BETWEEN TONSILS AND RHEUMATOID ARTHRITIS 

IN 180 CASES 



Cases 

Percentage 

Apparently Improved by Tonsillectomy (Practically all 
of these belong to Group A, Table I) 

25 

14% 

Not Improved by Tonsillectomy 

47 

26% 

Tonsils Removed Before Onset of Rlieumatoid Arthritis 

38 

21% 

Tonsillectomy Not Advised 

54 

30% 

Tonsillectomy Advised but Pending 

16 , j 

9% 
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From these figures and our clinical impressions, we have concluded 
that: (0 In 20 per cent of the cases examined, the disease seemed to be 
ushered in by an upper respiratory infection. (2) Patients with rheu- 
matoid arthritis accompanied by purulent sinusitis usually improved 
with adequate treatment of the sinus infection. Such purulent sinus 
infections were found in 17 per cent of our cases. (3) It also seemed 
to us that the rheumatoid arthritis increased greatly in activity with any 
intervening upper respiratory infection. (4) The relationship between 
upper respiratory infections and rheumatoid arthritis has not been shown 
to be specific, and any improvement which occurs following the re- 
moval of tonsils and treating of purulent sinuses may be indirect, as it 
has long been known that anything which improves the general health 
helps this disease. (5) In years past, the importance of nose and throat 
infections in this disease has been overemphasized, but the internist who 
entirely ignores the presence of such infections seems to us guilty of 
neglect. (6) Although it seemed that measurable improvement frequently 
followed removal of diseased tonsils, yet routine tonsillectomy would 
not seem to be indicated, as it did not cause improvement in any con- 
vincing, number of cases. 

Osteoarthritis 

Osteoarthritis, or hypertrophic arthritis, the other common form of 
chronic arthritis, is probably a degenerative disease— beginning at the 
time of life when other degenerations occur, and is probably as much 
a part of old age as the graying of the hair. The patient is past forty 
years, male and female equally involved— usually no history of following 
an upper respiratory infection. The patient is usually well-nourished 
or obese and healthy-looking. The joints involved, except for the distal 
joints of the fingers, are ^he weight-bearing joints— hips, knees, and 
spine. These patients are greatly benefited by rest, weight reduction, 
physical therapy and spa therapy. Exposure to cold frequently aggra- 
vates their complaints, just as occurs with old fracture cases, and with 
these old people, it is frequently desirable to have them spend their win- 
ters in a warm climate. 

Focal infection rarely plays any demonstrable role, and one should 
not expect any improvement in the symptoms from tonsUlectomy or 
treatment of sinuses. The indications for such treatment in patients with 
osteoarthritis should be on other grounds than their arthritis. 
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Rheumatic Fever 

Very few cases of the acute type of rheumatic fever come to an 
arthritis clinic. A moderate number of cases with sub-acute or chronic 
involvement of the joints are seen with or without cardiac damage. 
Like rheumatoid arthritis, rheumatic fever is a disease mainly of tem- 
perate climates and apparently associated with hemolytic streptocopcal 
infection. Most attacks begin in the early spring, the season of most 
frequent respiratory infections. In over 50 per cent of the cases the 
attack is preceded by acute sore throat, tonsillitis or sinusitis. The ac- 
ceptance of the hemolytic streptococcus as the direct etiological agent 
is not general, many observers holding that the prodromal hemolytic 
streptoccal infection of the throat merely permits entrance of the true 
causative agent, or in some other way activates the disease. 

In regard to treatment of upper 'respiratory infections in these 
cases, we take the liberty of quoting Swift,"* who has had much more 
opportunity to form an opinion: “Rheumatic fever follows tonsillitis 
so frequently that tonsillectomy seems indicated if these organs remain 
diseased; for they may be the site of production of sensitizing substances 
or areas of infection whence bacteria are discharged into the blood 
stream. Preceding operation on any focus of infection, tonsils, sinuses 
or teeth, the patient should be placed under the influence of antirheu- 
matic drugs in an attempt to prevent possible relapses. But the removal 
of tonsils does not insure absence of recurrences of the disease, for pa- 
tients may have other sources of sensitization or may incur reinfection 
with hemolytic streptococci, 

“Finally, in our present state of knowledge, it appears that the best 
prophylactic measure is to keep the patient free from hemolytic strep- 
tococcal infection. This indication is more , easily stated than consum- 
mated. But public health measures of the future must recognize this 
important factor in the prophylaxis of infectious heart disease.” 

We have been especially interested in a group which seems to be a 
chronic form of rheumatic fever and includes many cases of that type 
of rheumatoid arthritis known as secondary progressive polyarthritis. 
These were formerly considered as rheumatoid arthritis following 
rheumatic fever, but the more we have studied them, the more it has 
seemed possible they are merely cases of chronic rheumatic fever. Cli- 
nically, the joints have the typical appearance of rheumatoid arthritis, 
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i.e., symmetrical fusiform swellings. However, the blood sera of these 
cases do not agglutinate hemolytic streptococci and they uniformally 
exhibit a high antistreptolysin titer. We have looked upon these cases as 
adult rheumatic fever. Practically all of them give a history of frequent 
sore throats or sinus infections, and experience indicates that it is very 
important in this group to remove diseased tonsils and treat sinusitis. 

Infective Arthritis 

Tuberculosis of joints, gonorrheal arthritis, arthritis occurring with 
lymphogranuloma venereum, lues, typhoid fever, suppurative arthritis 
due to staphylococci and hemolytic streptococci obviously have no 
relation to upper respiratory infections. Arthritis due to meningococci 
may have its origin in an upper respiratory infection with that organism. 

Gout 

Most physicians usually think of the acute attack of gouty arthritis 
as following dietary or alcoholic indiscretion. This conception is only 
part of the picture. Acute gout is precipitated just as frequently in the 
gouty individual by any acute infection. It is often surprising to see a 
gouty patient develop an acute attack during the convalescence from 
pneumonia, after having been for days on a soft or liquid diet and 
no alcohol. 

We personally have seen a number of acute attacks of gout pre- 
cipitated by antrum infections and acute tonsillitis, and it would seem 
logical to treat these. 

Fibrositis 

Other than rheumatoid and osteoarthritis, fibrositis is one of the 
most common conditions encountered in our clinic, and it is probably 
much more frequently seen in private practice. It is an umbrellalike 
term, not clearly defined, which includes bursitis, myositis, neuritis, 
and most non-suppurative inflammations of the supportive fibrous tis- 
sues. Certainly at the present time the term “fibrositis” is too loosely 
used and too frequently applied to any unexplained skeletal pain. Some 
authors divide fibrositis as follows: (i) Primary fibrositis, with involve- 
ment of fibrous tissue independent and not a part of any other disease; 
(2) secondary fibrositis; fibrous tissue changes secondary to rheumatoid 
arthritis, specific infections, trauma, etc. 
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In this presentation, we are concerned only with primary fibrositis. 
Many cases of morning stiffness of muscles, torticollis, lumbago, pain- 
ful shoulders, are included as fibrositis. The etiology and pathology of 
most of these has not been determined and there is a definite need for 
investigation to clarify this problem. 

Many of these cases seem to be related to upper respiratory infec- 
tions, although the relationship has been difficult to prove. Most phy- 
sicians have encountered painful shoulders, torticollis, and muscle ach- 
ing accompanying sore throats, sinus infections, and recurrent colds. 
Usually with this group, improvement of the fibrositis may be e.xpected 
with successful treatment of the sinusitis or removal of the diseased 
tonsils. 

Focal Infection Arthritis 

Modem classifications of arthritis do not recognize this term, and 
it is presumed by us that such cases should be classified as “infec- 
tive arthritis, etiology unknown.” Whatever name is given to these, 
we definitely see a very small group of cases which might truly be 
called focal infection arthritis. These are usually monarticular, and 
when they occur, the removal of the focus causes a disappearance of 
the arthritis. A most striking example of this, although not related to 
upper respiratory infection, was a young patient whom we had ob- 
served for a long period for recurring hydrarthrosis of the knee. Each 
time this knee flared up, she exhibited tenderness over the appendix. 
After removal of the appendix, the knee became entirely well. The 
mechanism of these cases is not known. Such cases also occur related 
to purulent sinuses and tonsillitis, and the results of the removal of the 
foci are most striking. These true focal infection arthritis cases are rare. 

Conclusions 

I. Routine tonsillectomy is not indicated in any form of arthritis. 

2 ^ diagnosis of the type of arthritis should be made, before con- 
sidering any relationship to a respiratory or any other focus. 

3. Certain types of arthritis, such as osteoarthritis, gonorrheal ar- 
thritis, tuberculous arthritis, etc., are definitely not related to upper res- 
piratory infection. 

4. In rheumatoid arthritis particularly, it is wise to remove tonsils 
which seem diseased and to treat sinus infections, not because of any 
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proven etiological relationship, but because anything which improves 
the health of these patients seems to help their arthritis. 

5. The question of tonsillectomy or treatment of sinusitis in any- 
given case still is largely one of clinical judgment of the physician. 
Decision regarding such treatment is better made by combined study 
by the internist and otolaryngologist. 

6. The necessity of taking a very careful history of upper respira- 
tory infections in these cases is stressed. 

7. Early treatment of the sinuses and early removal of the tonsils 
is necessary, if one is to expect any benefit in the rheumatoid arthritis 
group. 

8 . The results in private practice are probably better than in the 
clinics, as they are usually seen earlier and possible foci are treated and 
eradicated at an earlier stage of the disease. 
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TONSILLECTOMY AND ACUTE NEPHRITIS* 

John D. Lyttle 

Associate Pediatrician, Babies Hospital 


is no doubt about the close relationship between 
S S streptococcus infection (chiefly of the upper respiratory 

3 TT S pathogenesis of acute nephritis. Clinical, 

g 3 bacteriological and immunological studies give evidence 

QiSHHSHSESBHHSfl of Streptococcus hemolyticus invasion in over 90 per 
cent of the cases of acute glomerulonephritis. The Streptococcus hemo- 
lyticus may come in through any portal but in the great majority of cases 
it comes in through the upper respiratory tract and associated structures. 
For our purposes there is not much use in making accurate anatomical 
diagnoses, since all the structures involved are not only contiguous but 
continuous. 


In contrast to rheumatic fever the type of infection in nephritis is 
quite different. Instead of a mild, evanescent sore throat, such as pre- 
cedes the rheumatic attack, the child who gets nephritis has a deep infec- 
tion, such as cervical adenitis, mastoiditis or peritonsillar abscess. It is 
not the uncomplicated case of scarlet fever or tonsillitis that develops 
nephritis. What brings many children with nephritis to the clinic or 
hospital is not the nephritis but the cervical adenitis or mastoiditis, and 
the nephritis is discovered on routine examination. Having established 
a relationship between hemolytic streptococcus invasion of the upper 
respiratory tract and nephritis the question arises as to what can be 
done about it and, in particular, what is the effect of tonsillectomy. 

Prophylaxis: There is no evidence that tonsillectomy plays any im- 
portant role in preventing acute nephritis. Illingworth in England re- 
ported that 20 per cent of a large series had had tonsillectomy some 
time before the onset of acute nephritis. In Boston, Wessellhoeft re- 
ported the same incidence of postscarlatinal nephritis in those children 
with and without tonsils. In otir series at the Babies Hospital approxi- 
mately one-third of the patients with acute glomerulonephritis have 
had their tonsils removed. I do not see why one could expect a prophy- 


* Read November 19, 1941 before the Section of Otolaryngology. 
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lactic effect, since the children who are destined to have acute nephritis 
are subject to repeated attacks of upper respiratory infection, and ton- 
sillectomy in this group of children does not seem to materially lessen 
the incidence of upper respiratory infection. A point in the prophylaxis 
of nephritis which may be brought out here is the management of the 
preceding infection. If this primary infection could be treated so as to 
prevent the recrudescence of infection in the second to third week, 
\\^hich may be a precipitating factor in nephritis, it is conceivable that 
some cases of nephritis might be prevented. Obviously tonsillectomy 
and adenoidectomy do not prevent the septic complications which ac- 
company acute glomerulonephritis. All forms of treatment in scarlet 
fever are said to lessen complications. None of the data is convincing. 
Chemotherapy offers an opportunity for a carefully controlled study 
of this question. 

Shall tonsils be removed in cases of acute glomerulonephritis? When 
shall the operation be done? What are the results? Presumably the ob- 
ject in tonsillectomy in these cases is to prevent the development of 
chronic nephritis by removing a focus of infection which may be caus- 
ing persistent renal damage and lessening the incidence of upper respira- 
tory infection which also may further damage the kidney. There is no 
basis in fact for this conclusion. If we knew which children would de- 
velop chronic nephritis, the question could be answered. It is quite true 
that in the majority of children the improvement and healing process 
in nephritis parallels closely the activity of the infectious process and 
that, with persistence or recurrence of infection, urinary changes of a 
definite degree persist and recur. But I have seen prompt healing of the 
nephritis in the presence of persistent infection and I have seen ne- 
phritis progress into the subacute and chronic stage without any clini- 
cal evidence of infection. All of the above things can happen regardless 
of the presence or absence of tonsils, or tonsillectomy in the acute stage. 

When chronic nephritis has become established I have never been 
convinced that any attack on foci of infection has altered the estab- 
lished course of the disease. Our experience is in agreement with that 
in Baltimore— that tonsillectomy did not prevent infection or exacerba- 
tion of the nephritis and that other factors must operate for recovery 
or progression. “The end is determined by the beginning.” 

With these divergent opinions and without any rational basis for 
action, what then is a reasonable attitude for the clinician to take. He 
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has to meet this problem and make a decision. Even though we are ig- 
norant of the etiology and pathogenesis of glomerulonephritis, there 
does appear to be a relationship in some individuals between upper res- 
piratory infection and nephritis, and if any of the generally accepted 
indications for tonsillectomy are present in a case of either acute or 
chronic nephritis, perform the operation. Nephritis itself is not to be 
considered an indication for tonsillectomy and adenoidectomy. It is 
an elective operation and the time for operation had best be decided for 
each individual case, preferably when the symptoms and signs of the 
nephritis have subsided and the pharynx is not acutely inflamed. When 
this is done, severe reactions have not been encountered in my expe- 
rience, but I must admit that the beneficial effects are not proven. 



MAY 1942 


3 5 9 



GALILEO* 

Arturo Castigliom 

Research As>ociate in the History ot Mc<liciiic, Vale University School of Metlicine 


p.5a5HS2SHSHSE‘3\LiLEo Galilei was born at Pisa on February 15, 1564 
when the Italian Renaissance was at its neatest height. 
His father Vincenzo, was an able mathematician, and a 
skilful musician. Galileo was educated at the monastery 
5S of Vallombrosa, near Florence, where he studied Greek, 
Latin and logic. In 1581 he went to the University of Pisa to study 
medicine. He devoted several years to these studies, and then yielded 
to his greater interest in mathematics and physics. 

* In commemoration of the three-hundredih anniversary of the death of Galileo held at The New 
York Academy of Medicine. 
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While watching a lamp swinging in the cathedral he observed that 
whatever the range of its excursions they were invariably equal in time. 
The experimental verification of this fact led him to the discovery of 
the isochronism of the pendulum. Galileo immediately applied the new 
principle to the timing of the human pulse. 

In 1585 Galileo returned to Florence, and in 1586 published the first 
description of his invention of the hydrostatic balance. His name soon 
became known throughout Italy. From 1589 to 1591 he carried on a 
series of experiments to determine the first principles of dynamics. His 
demonstration made from the Leaning Tower, before the professors, 
the students, and the people of Pisa, that bodies of different weights 
fall with the same velocity, marks an epochal achievement in the history 
of experimental science. In 1592 he was called to the University of 
Padua where he held the chair of mathematics until 1610. There he 
attracted the attention of students and persons of distinction who came 
from every part of the world. 

The men of the Renaissance had set o.ut to explore the nature of 
man and the cosmos. Man then was distlosed through the study of ana- 
tomy, pathology, physiology, and biology. Vesalius had already revo- 
lutionized the study of anatomy; Pare had modernized surgery. The 
studies of Cesalpino and Fabrizio had solved many important physio- 
logical problems, and Fracastoro had launched the new doctrine of the 
infectious nature of certain diseases. At this time too the discovery of 
countries, of plants, of animals, and of human species, until then un- 
known, further extended the intellectual horizons of the Age. The 
universe appeared then infinitely larger and more vast than the human 
mind had been able to conceive it. The relationships of man with all 
living things, with the sky and the earth, with animals and plants, ap- 
peared very different from those which had been accepted until then, and 
which had placed man in the center of the universe. Nevertheless, the 
belief that the earth was the center of the cosmic system seemed, be- 
cause of its dogmatic character, to be unassailable and impregnable. 
Copernicus’ discovery, though wonderful in its grandeur, had upset 
neither the supporters of the Ptolemaic doctrine nor those who believed 
every contrary statement to be inadmissible and heretical. The Coper- 
nican doctrine, expounded in a book written in rather obscure terms, 
and aiming primarily at the reform of the calendar, had not yet roused 
the protests of the strict supporters of the dogmas. Galileo, who had 
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begun by destroying with experimental proofs the principle of Aris- 
totelian mechanics, had collected all the facts justifying complete ac- 
ceptance of the Copernican theory, and had sensed the importance of 
Kepler’s demonstration in 1609 that planetary orbits are elliptical. This 
discovery ended the Aristotelian dogma, which held that no celestial 
movement was possible except in a circular pattern. 

Galileo succeeded in 1609 in producing a telescope of three-fold 
magnifying power; later he improved it until it had a magnifying power 
of 32. His instruments, of which he manufactured hundreds, were soon 
in demand in every parr of Europe. His astronomical observations made 
with the aid of his telescopes so perfectly substantiated the truth of the 
Copernican doctrine that in 1610 he publicly proclaimed his convic- 
tions in the book, Sidereiis Niiuchis. 

Galileo’s discover)'^ of the phases of Venus and of the satelhtes of 
Jupiter gave added proof to his belief. To save the crumbling edifice 
of dogmatism, however, the Tribunal of the Holy Inquisition declared 
the doctrine that the sun and not the earth is the center of the universe, 
and that the earth moves in its own orbit, to be absurd and heretical. 

In 1632, at the time when the scientific world was upset by Harvey’s 
discovery and experimental proof of the circulation of the blood, Gal- 
ileo published in Italian, that is in a language accessible to the common 
people, his Dialogo dei doe Massimi Sistenn del Mando. This was 
greeted with tumultuous applause in every part of Europe. The strength 
and clearness of scientific exposition were here happily combined with 
great elegance of style. But this remarkable book was in flagrant vio- 
lation of the decree of the Holy Office, and the author was cited to 
Rome by the Inquisition. On June 22nd the Tribunal compelled the 
70-year-old man to recant, sentencing him to incarceration at the pleasure 
of the Tribunal, and enjoining him by way of penance to recite once 
a week for three years the seven penitential psalms. The judges doubt- 
less had the illusion that they had defeated every attempt at rebellion, 
and had saved dogma by means of a punitive decree. 

In reality however, Galileo’s demonstrations effected a great revo- 
lution in thought to which the discover)'^ of the microscope gave added 
impetus. In 1610 Galileo had adapted telescope lenses to the magm’fi-' 
cation of extremely small objects and constructed an instrument for 
the examination of the organs of very small animals. In 1614 he spoke 
about it to several friends, and Detarde, a scientist who visited him at 
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Florence, stated that with the aid of this instrument he had seen flies 
that were as big as sheep, and had observed that they are covered with 
hair and provided with angular joints. To this instrument a Greek scien- 
tist, Demisciamo, member of the Accademia dei Lincei to which Gali- 
leo belonged, gave the name “microscope.” About the same time Galileo 
constructed the first thermometer, an air-thermoscope consisting of a 
glass bulb containing air connected to a glass tube or small .ball dipping 
into a colored liquid. These successes of Galileo were in large measure 
due to his skill in perfecting the instruments he employed. He was thus 
the inventor of an effective telescope and of the compound microscope. 

Galileo’s conception of a mechanical universe dominated by mathe- 
matical laws swiftly reacted on the biological sciences. His conception 
of the cosmos proved that mechanical principles rule alike in the move- 
ments of the heavens and in the changes on the earth, in the revolution 
of a planet’s satellites and in the structures of the human body. 

Galileo’s work was, therefore, not only creative in the field of astro- 
nomy but affected all scientific thought from its foundation. Scientific 
thought turned definitely toward experimental research following his 
principle: “the right way to attain truth is to put experience before 
all discussions,” Attacking dogmatism with the greatest courage, he 
affirmed: “it is foolish to seek the meaning of natural things in the writ- 
ings of this or that author, rather than in the works of nature which 
are always alive and at work before our eyes, true and unchanging in 
all their manifestations.” 

Galileo spent the last years of his life in his villa at Arcetri, in the 
strict seclusion which was the prescribed, condition of his comparative 
freedom. His mental activities, however, continued undiminished till 
the last day of his life. He published in 1636 his Dialoghi delle Nnove 
Sclenze in which he summarized the results of his e.xperiments. His last 
discovery— of the moon’s diurnal and monthly digressions— was made in 
1637. Then he became blind. His genius, however, was at work until 
the last moment. As a teacher, as a philosopher, as a thinker, he was still 
active when he died on January 8th, 1642. 


Based on Castiglioni’s The Renaissance of Medicine in Italy, published by the Johns Hopkins 

sity Press, Baltimore, Md., 1934; and A History of Medicine, published by A. Knopf, New York, 1941. 
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NEUROCIRCULATORY ASTHENIA 
AND RELATED PROBLEMS IN 
MILITARY MEDICINE* 


Bernard S. Oppenheimer 

Consulting Physician to The Mount Sinai Hospital 



Introduction 

-^iTH the advent of the second World War the problems 
of neurocirculatory asthenia have returned in Europe, 
and have been -revived in this country in connection 
g S with the examination of draftees and volunteers. It is a 

SaSHSHSESHsasS disorder of individual and social importance even in 
peace time; but with war or the threat of war, it becomes imperative 
for the Army and Navy to avoid cluttering up their combat services 
with men who may break down with nemrocirculatory asthenia, become 
incapacitated, and finally through pensions and invalidism become a 
permanent financial burden to the country. These are practical reasons 
for again considering the subject, but in addition our concept of the 
condition has undergone modification since 1917 when Thomas Lewis^’" 
and others brought out the admirable reports of their e.xperience with 
the effort syndrome in the British Army. Something more is now 
known of the etiology, pathologic physiology, symptomatology, signs, 


* Read October 15, 1941 at the Graduate Fortnight of The New York Academy of Me<licine. 
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diagnosis, prognosis, and possibly even of treatment than was known 
in 1917-. These are the important reasons for reconsidering the whole 
subject at the present time. 

Definition: Neurocirculatory asthenia is a clinical syndrome, not a 
disease sui generis, characterized by dyspnea, palpitation, chest pain, 
exhaustibility, dizziness, headache, nervousness, and a great variety of 
associated symptoms and signs called forth or increased by effort, and 
in which no evidence of structural disease can be found to which the 
symptoms may be related. 1 

Terviinology: A dozen other names have been used at various times 
by different authors. Out of deference to Da Costa one would be 
tempted to use the term he originally introduced, “The Irritable Heart,” 
but there are great practical objections to the use of any name which 
directs attention to the heart. Very recently in his admirable lectures 
Dr. Paul Wood^ has used the designation “Da Costa’s Syndrome,” 
partly to honor Da Costa, but also with the implication that the syn- 
drome may possibly “become of historical interest only.” There is in 
general a justifiable objection to the introduction of a patronymic name 
into the nomenclature if a more descriptive or specific one can be 
devised. Temporarily a patronymic name may be adopted, but only 
until such a time as the nature or etiology of the disease or disorder is 
clarified. Some of the other terms used to designate this condition are: 

1. Effort Syndrome (Lewis) 

2. Musculature Exhaustion of the Heart (Hartshorne) 

3. X-Disease (Mackenzie) 

4. Cardiovascular Neurosis (Caughey) 

5. Neurasthenia Cordis 

6. Orthostatic Tachycardia 

7. Vasoneurosis (used especially for children) 

8. Dilatative Weakness (used for adolescents) 

9. The Soldier’s Heart. 

10. Autonomic Imbalance (Kessel and Hyman) 

11. Die Herzneurose (of the Germant authors) 

12. Disordered Action of the Heart (“D.A.H.” of the British 
Army) . 

In 1918 we'* suggested the term neurocirculatory asthenia and this 
was selected because it was descriptive, non-committal as regards the 
heart, and shortened to the cryptic “N.C.A.” would be understood and 
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not misunderstood all along the line. It may be preferred to the effort 
syndrome with its possible implication that the symptomatology is that 
of an exaggeration of the normal response to physical ef fort. The very 
varied clinical picture presented by neurocirculatory asthenia probably 
represents something fundamentally different than the enhanced physio- 
logic reactions to physical exertion, although there are many points 
of superficial resemblance. Neurocirculatory asthenia has been adopted 
by the U. S. Army and also for the forthcoming edition of the Standard 
Classified Nomenclature of Disease. It is included in brackets after “Ef- 
fort Syndrome” in the Nomenclature of Diseases of the Heart published 
by the New York Heart Association. 

Historical: This is not at all a new disorder. It is stated that even 
Hippocrates realized that palpitation might result from emotion, fright 
or excitement. The condition certainly occurs in its milder grades in 
civil life among adults and children, but becomes more intensified, bet- 
ter defined and exceedingly common under military conditions. Its 
prevalence in the Civil War was first recorded by Hartshome® and by 
Da Costa® in 1864; the latter included it in the first edition of his text- 
book on “Medical Diagnosis” in 1864, but he waited until 1871 before 
he finally published his classic paper “On the Irritable Heart: a Clinical 
Study of a Form of Functional Cardiac Disorder and Its Consequences.”" 
This still stands as a model of direct clinical observation. By following 
the subsequent histories of his cases over a period of years he collected 
some fifteen instances in which he thought the irritable heart was fol- 
lowed by cardiac hypertrophy. Da Costa cited this group to show that 
“disordered function leads to organic disease,” i.e., to hypertrophy of 
the heart. He described the necropsy findings of one patient who died 
following an operation for strangulated hernia in which there was ..left 
ventricular hypertrophy. At the present time the evidence is against 
t his view that neuroeirculatory_.astJieni^Jeads-to_,hypertension_an^ 

hyp ertrophy, although of course any individual with (or without) 
neurocirculatory asthenia may ultimately develop abnormally high 
blood pressure. Da Costa also included some doubtful or mixed cases— 
that is patients in whom the symptoms of the irritable heart were super- 
imposed upon those of an organic cardiac condition. He realized that 
one may have the combination of an irritable heart and valvular disease 
of the heart. Fie also took up the differential diagnosis of the irritable 
heart and pulmonary tuberculosis, anemia and malingering. Hartshome 
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(1864) excluded anemia or scurvy (both of which were prevalent 
among the soldiers of the Army of the Potomac) as etiologic factors 
in neurocirculatory asthenia, as the heart affection lasted long after the 
patients were cured of the anemia or scurvy. As a result of his observa- 
tions on these soldiers Plartshorne says: “Judging from what I have 
seen, I think it can hardly be a mistaken opinion that they are entirely 
unfit for ordinary field service in the Army. No doubt many, perhaps 
most of them, would be quite able to do light service in various ways.” 
Those conclusions of 1864 hold today, although one cannot accept 
Hartshorne’s theory, that the condition is due to a “muscular exhaustion 
of the heart.” 

■' Da Costa found some reference to the condition in the British Blue 
Book of the Crimean War, and the disorder is mentioned by MacLean® 
in 1867, by Myers® in his volume “On the Etiology and Prevalence of 
Diseases of the Heart among Soldiers” (1870), by TysoiP® during the 
South African War, and by Captain McCarthy^^ in soldiers returned 
from a campaign on the Indian frontier in 1898. These authors were 
apt to lay great stress on the accoutrements and tight tunics, and even 
the busby as a cause of the condition. Its prevalence in a severe form 
in the British, French and German armies during the first World War 
was accounted for by the conditions of modern warfare at that time- 
prolonged marching, trench life, intensive fighting, terrific bombard- 
ment, gassing, burial, and trench fever, dysentery and other infections. 

What is neurocirculatory asthenia? It seems to me that an abnormal 
reactivity of the nervous system, including the innervation of the entire 
circulatory system may account for the varying neuro-psychosoinatic 
symptoms. The symptoms are physiological and psychological.^" This 
irritability or instability of the nervous system may originate in an 
increased stimulation of the cerebral cortex. From the cortex the stimuli 
may pass to the hypothalamus which is a center for the autonomic 
nervous system. The hypothalamus is connected on the one hand with 
the cortex and on the other hand probably with the vagal nuclei and 
the sympathetic. So, disturbances in the hypothalamic region may affect 
respiration, pilomotor reflexes, vasomotor reflexes, sudomotor and other 
reflexes. In this way one may explain to one’s self the great variety of 
symptoms of neurocirculatory asthenia, some of them characteristic of 
vagotonia, some of sympathicotonia. That is one possible mechanism. 
Another possible mechanism is the humoral, but this seems less likely. 
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Further pharmacological studies with adrenergic and cholinergic drugs 
may help to elucidate the problem. 

The thesis that there are situational factors that will produce neuro- 
circulatory asthenia in the individual because of a basic attitude toward 
that situation is tenable. Given a set of disagreeable circumstances such 
as warfare, threat of war, or merely drafting, why do some individuals 
present these symptoms? Partly because some are constitutionally more 
susceptible as will be shown later, but in addition there are other factors, 
such as motive. Indeed one does not have to resort to deep psycho- 
analytical investigations to uncover these latent conflicts. Just superficial 
consideration will detect emotional attitudes that can give rise to con- 
flicts. If for example a man feels that he is enlisting in a cause for him- 
self or his family, and that there is no alternative, or the alternative is 
even Avorse, then there is no conflict. If he is compelled to go to Avar 
against his OAAm inclinations, then there may be a conflict and there is a 
basis for an anxiers'’ state. NeurocircuIatotA'' asthenia seems to me to be 
the somatic component of a psychosomatic state. The more severe the 
neurocirculatory asthenia, the more it is an expression of visceral rather 
than of an articulate protest. Pre-AA'ar and Avar conditions make manifest 
symptoms referable to the cardiovascular system, just as they produce 
gastrointestinal symptoms, e.g., nausea, vomiting or diarrhea, genito- 
urinan^ symptoms such as polyuria, and respiratory and sudomotor 
symptoms. There are undoubtedly many anxiety neuroses that have no 
somatic manifestations. Neurocirculatory asthenia is im portan t because 
it ear-marks those men Avho are potential candidates for an anxiet\* 
neurosis or psychoneurosis. You may Avell ask, if neurocirculatory 
asthenia is merely a manifestation of a psA'^choneurotic state, Avhv not 
turn the examination of registrants, draftees and recruits over to the 
neuropsychiatrists? It seems, hoAA'ever, preferable to leave the field of 
diagnosis in the hands of cardiologists and internists, as they are better 
equipped to rule out such organic diseases as early organic heart disease, 
pulmonarA'^ tuberculosis, the fomms frastes of Graves’ disease and 
anemia. 

Family History and Previous Personal History; Psychoneiirotic Fac- 
tors: To corroborate the view that neurocirculatory asthenia is the somatic 
concomitant of anxiety and other psychoneuroses there is the evidence 
Avhich the late Dr. Rothschild and I collected under Sir Thomas Lewis 
at Colchester in 1917. A comparison Avas made of the percentages of 
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PERCENTAGES OF CHARACTERISTICS NAMED IN FAxMILY 
HISTORY OF PATIENTS SUFFERING FROM (I) NEUROSES, 
(2) “IRRITABLE HEART” OF SOLDIERS, AND (3) CONTROLS 


Nervousness 


Neurosis 
Per Gent 


Irritable 
Heart 
Per Cent 


Controls 
(Wounded) 
Per Cent 


64 


45 


15 


Alcoholism (Parents and Grandparents) 50 

Teetotalers (Parents and Grandparents) 30 

Irritability of Temper 36 

Insanity 34 

Epilepsy 30 

•Tuberculosis (Immediate Family) 12 

•Tuberculosis (Relatives) o ^ 

Stigmata 10 

Positive History for One or Several of Foregoing. . . 74 


15 

15 

27 


24 

16 


12 


23 

15 

13 

15 

17 


0 

0 

4 

4 

0 


56 


38 


•Tuberculosis in the family history would probably not be included if such statistics 
were being collected today. Similarly nowadays the item “Married” would be omitted 
from Table II, although it is interesting to find the low percentage of married men 
among the neurocirculatory asthenics. 

certain characteristics in the family history of soldiers suffering from 
(i) Psychoneurosis, (2) neurocirculatory asthenia or as it was called 
in 1917, the “irritable heart of soldiers,” and (3) controls, l.e., soldiers 
invalided for war wounds. A positive family history of one or several 
of the characteristics selected was obtained in 74 per cent of the neu- 
roses group (by Wolfsohn^^), in 56 per cent of the neurocirculatory 
group, and in 38 per cent of the controls (see Table I). In the previous 
personal histories the contrast is much greater. There was a positive 
personal history in 76 per cent of psychoneuroses, 51 per cent of neuro- 
circulatory asthenia, and only ‘12 per cent of the controls. A positive 
family cmd personal history was obtained in 70 per cent of the neurosis 
group, in 46 per cent of the neurocirculatory asthenias, but in only 6 
per cent of the controls (See Table II). The practical military point was 
this: In such patients invalided for neurocirculatory asthenia as have 
neuropsychic factors in their family and previous personal histories, the 
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Tabix II 

PERCENTAGES OF CHARACTERISTICS NAMED IN TFIE PERSONAL 
HISTORY IN CASES OF (1) NEUROSIS, OF (2) “IRRITABLE HEART” 
OF SOLDIERS AND OF (3) CONTROLS, I.E., WOUNDED 


Neurosis 
Per Cent 

Irritable 
Heart 
Per Cent 

Controls 
(IVounded) 
Per Cent 

Stigmata 



.. 31. 

12 

4 

Previous Nervousness 



66 

46 

12 

Fears 



50 

31 

S 

Head Injurj- 



38 

5 

12 

Epilepsy and “Fits” 



S 

5 

0 

Tobacco (excessive) 



8 

1 

4 

.Vlcohol (excessive) ... . 



6 

0 

16 

Alcohol (teetotaler) 



. . -IS 

36 

20 




42 

IS 

28 

Moodv 



. . 55 

27 . 

8 

Previous Breakdown 



2 

21 

0 

Enuresis 



.... 12 

14 

4 

Frights in Childhood 



4 

19 

0 

Excessive Religion 



6 

6 

0 

Positive Personal History 



... 76 

51 

12 

Positive Family and Personal History ,. 


70 

46 

6 


v'alue of the combatant sendee rendered in the past is found to be neglig- 
ible. -They are the group who in civilian life usually do sedentary or 
light work.^'‘ 

Constitutional Asthenia: A history of constitutional physical asthenia 
was obtained in about 70 per cent of this group with psychoneurotic 
factors. By this rather vague term, “constitutional asthenia,” is meant a 
relative inferiority or an anomaly in the assemblage of inherent charac- 
teristics, both functional and morphologic, which go to make up the 
organism. One may include in this term those who have always been 
short of breath, have been unable to play the more strenuous games, 
have fainted or become dizzy readily, have flushed easily, perspired too 
profusely and suffered from cold blue clammy hands. In addition one 







3 74 


THE BULLETIN 


may add those who have certain forms of “habitus,” such as the splanch- 
noptotic, the feminine, the eunuchoid; the flat chested, reedy type, and 
those with drop hearts. 

Juvmile V asoneurotics: Bass and Wessler^'^ in 1913 were the first 
American clinicians to draw attention to a group of children presenting 
the symptoms of neurocirculatory asthenia, who in addition showed 
orthostatic albuminuria. In 1918 we were able to show that a consider- 
able percentage of soldiers invalided for neurocirculatory asthenia had 
shown symptoms of constitutional asthenia before the age of seventeen. 
In other words, many patients with neurocirculatory asthenia are the 
adult individuals who during their developmental period presented vaso- 
neurotic symptoms. Some in this group had had symptoms as long as 
they could remember, but usually the symptoms of this constitutional 
weakness manifested themselves between the ages of eight and sixteen 
years. Since then we have seen many instances in civilian practice of chil- 
dren suffering from this condition, some of whom have continued to 
suffer into adult life. The natural history of this disorder from childhood 
to adult life and even old age requires further investigation and descrip- 
tion. 

Climcal Picture: A clinical description of this disorder as it occurs 
in its mild form among civilians, for example after influenza, is hardly 
necessary because it is familiar to general practitioners. It was a mem- 
orable picture; however, to see the severe and incapacitating type of 
the same disorder at Colchester among British soldiers, invalided from 
France in 1917-18. Many arrived on stretchers, completely done in 
physically and psychically. Their predominant symptoms qould ^be 
Tarred to the circu lato ry and~nefvous s ystems . They complained of 
! dyspnea, "palpitation, ' chest pain, extreme fatigue, dizziness, nervousness 
and headaches; and this was the order of frequency of their chief symp- 
toms. We were struck by the cold blue clammy hands, by the axillar)'' 
sweating, the presence of a coarse tremor which sometimes amounted 
to a shivering, although they were not cold. There was a great variety 
of other subjective symptoms such as sleeplessness, paresthesias, perspir- 
ation, feeling of faintness or actual syncope, anorexia, diarrhea, and 
tremor. There was a striking disproportion between the severity and 
number of the subjective symptoms when compared with the objective 
signs of neurocirculatory asthenia. The general appearance of these 
invalids with their anxious faces, asthenic bearing, trembling, cold blue 
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( Anglican) hand s, dyspnea, diffuse cardiac apical impulse, hyperes- 
thesia of the skin or muscles of the chest wall, and the exaggeration of 
many of these signs and symptoms on effort, made the diagnosis easy 
in most instances. It should be emphasized that the diagnosis could 
usually be made on positive evidence, and not merely by the exclusion 
of organic or neuropsychiatric conditions. It was at times amazing to 
see these same soldiers, forced out of bed and obliged to take graduated 

w - 

exerc^e^.fgrji period of weeks, return to high grades of physical exer- 
cisj_and-to- military dufyT In exceptionaPinstances the diagnosis was 
doubtful for weeks, and was helped by the results of the therapeutic test 
of physical training under the scientific direction of Sir Thomas Lewis. 

Electrocardiographic Abnonnal ities: Paroxysmal tachycardia, pre- 
mature beats, and sinus arrhythmia are well knoum to occur in the course 
of neurocirculatory asthenia. Very exceptionally there are also prolong- 
ation of the P-R integra l, changes in the QRS complex, and especially 
inversion of Ta and T.t (Graybiel and White^'^). Only recently it has 
been shown that pure fear c an temporarily produce such chan ges in th e 
electrocardiogram, resembling somewhat changes seen in coronary in- 
.sufficiency.^' 

Diappiosh : (a) Fulvionary Tuberculosis: Here the group at Colches- 
ter undoubtedly made their greatest mistakes, for in the afterhistories of 
SLX hundred and one men followed to the fifth year by Grant, twenty- 
two were finally diagnosed as pulmonary tuberculosis, which is an 
incidence 8o per cent greater than pulmonary tuberculosis in the general 
population of London over the same period. It must be mentioned that 
we were working in barracks without any X-ray machine, and it em- 
phasizes the well-known fact that such mistakes are inevitable if routine 
chest X-rays are nor taken . 

(l>) Qraves’ Diseasej ^Conts^ury to what might be expected by those 
who still consider neurocirculatory asthenia a pre-Graves’ state, the 
osis is usually not ver\^ difficult. It is admitted that 
neurocircid gtory^ asthenia _ ajL d Graves’ disease are probably reLrpd — 
perhaps cousins once removed— but Graves’ disease has some unknown 
X-factor nor present in neurocirculatory asthenia. The best single diag- 
nostic criterion is of course t he increased metabolic rate . In neuro- 
circulatory asthenia the basal metabolic rate if really basal is within the 
^rmal range, as was demonstrated at Lakewood years ago by Peabody," 
AVearn and Tompkins.’® Other useful diagnostic points are the general 
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^ hyperkinetic nianner of the .Graces’. patjents, the ^arm rather pink hands 
of Graves’ disease, the persistence of tachycardia in sleep, the presence 
/ I of characteristic eye symptoms, and the favorable response to iodine 
' I administration. In regions of endemic goiter, for example the north- 
western part of the United States, one used to see many recruits who 
had the combination of simple goiter and neurocirculatory asthenia. 
How many of these eventually developed Graves’ disease I do not know, 
but of the six hundred and one Colchester patients, not one develoj >cd 
Gr aves’ dis ease within the five year period in which they were 
followed.^* 


(c) EaHy Qxgani^J^l^darJOisease: There is real difficulty in dif- 
ferentiating early mitral disease and neurocirculatory asthenia. A history 
of rheumatic fever or chorea is not very helpful as it occurred in at 
least 65 per cent of the cases of mitral stenosis and in 23 per cent of the, 
effort syndrome soldiers. A systolic murmur, accentuated first apical 
sound, accentuated second pulmonic sound and tachycardia may occur 
in either condition. One may have to examine the patients repeatedly 
after effort, before one is able to elicit a presystolic or diastolic murmur, 
a true thrill, or definite cardiac enlargement. Sometimes a cardinal 
physical sign, the presystolic. murmur, can be brought out by ausculta- 
tion immediately after exercise or by laying the patient in the supine 
or left lateral position. Unfortunately the symptoms of neurocircula- 
tory asthenia are frequently superimposed upon those of organic heart 
disease. One should remember that neurocirculatory asthenia alone may 
be characterized by dyspnea, pain, palpitation, cyanosis, syncope, fa- 
tigue, dizziness— all of which also occur in heart failure, but usually not 


until the cardiac insufficiency is advanced. 

(d) Rheumatic Cardiac Disease: In children one is frequently faced 
\yith the very practical problem of differentiating between a vasoneu- 
rosis with fleeting pains and perhaps fever due to some accidental com- 
plication, and true rheumatic carditis. Rheumatic fever may be diag- 
nosed and the child sent for years at great sacrifice to the South or 
California. There may be all the symptoms and signs of neurocirculatory 
asthenia plus evidence of an infection, and still that infection may not 
be rheumatic fever, but a chronic pyelitis or a sinusitis. Further, e\en 
if the rheumatic state is demonstrated by definite clinical evidence such 
as polyarthritis, even then no permanent harm is done, unless the heart 
becomes involved. One should watch closely for definite evidence 0 
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cardiac in\'^olvemenf, that is cardiac enlargement, a presystolic or dia- 
stolic murmur, pericarditis, or positive electrocardiographic evidence, 
before jumping at the diagnosis of rheumatic cardiac disease. As it is 
impractical to send all children suspected of rheumatic carditis for 
years to a climate where streptococcus infections are rare, I have tended 
to limit such radical advice to those who have had at least one proven 
attack of rheumatic infection or in whom actual rheumatic carditis has 
been established. There are many cases of acute rheumatic fever or 
chorea in which ultimately no evidence of cardiac involvement can be 
proven. The prophylactic treatment fpr^xheumatic'recurrences'with- 
sulfonamides is promising.- ' ' 

(e) Hypertension: In taking the blood pressure of registrants and 
volunteers and also of patients with neurocirculatory asthenia one en- 
counters, not infrequently, blood pressure readings above 155 mm. of 
mercury for the systolic and 90 or above for the diastolic pressure. 
Almost every week I run across registrants with neurocirculatory asthe- 
nia and a systolic blood pressure of 1 80. Are these examples of essential 
hypertension? The majority are nor, and it is probably for this reason 
that the examiners for the selective draft are not instructed to take blood 
pressures. In most instances it is the e.xcitement which elevates the blood 
pressure to the figure of 150 or over. If one takes the same individual’s 
blood pressure at home while at ease, the pressure is usually found to 
be within nonnal limits. Finding the increased blood pressure is of 
value in directing attention to the necessity of searching for other signs 
of cardiovascular or renal disease such as ca rdiac hypertro phy, ringings 
aortic second sound, of fundus changes. Paul Wood-“ using the Hines 
cold pressure test on twenty-five cases of neurocirculatory asthenia 
came to the conclusion that 90 per cent of these were not instances of 
incipient hypertension. GranP® apparently found no evidence of in- 
creased hypertension in his study of six hundred and one cases of effort 
syndrome followed up for five years. It is still a question in my mind 
whether many of these youths with labile blood pressures and a ten- 
dency to elevation, will not prove to be subjects of essential hyperten- 
sion in middle life. It is important to get a more definite statistical answer 
to this practical question. Meanwhile it should be noted that the latest 
statistics of the selective draft in New York City show 2,978 rejections' \ 
for persistent high blood pressure our of 115,569 registrants examined. 

(f) The differential diagnosis of neurocirculatory asthenia from 
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Taui.e III 

AFTER-HISTORIES OF “EFFORT SYNDROME" CASES RETURNING TO 
CIVIL LIFE AFTER THE GREAT WAR. STATE AFTER FIVE YEARS: 
PERCENTAGE FIGURES (AFTER GRANT”) 


Number of 
caaeb' 

Fit 

Improved 

Statioiuirp 

Wortie 

Incidence of 
xerions dixeiise 

Dead 

()01 

15.3 

17.S 

5(i.2 

3.2 

8.7 

2.3 


anemia, angina pectoris, epilepsy (petit mal), toxic myocarditis and 
malingering cannot be gone into. After a year’s experience in a medical 
advisory capacity with the selective draft, I may say that many regis- 
trants may have overemphasized their symptoms, but I have run across 
only one instance of deliberate malingering and that was detected. 

Prognosis: The question of prognosis should be divided into (i) 
the immediate prognosis of soldiers invalided for neurocirculatory 
asthenia, based on their response to graduated physical exercise and (2) 
the ultimate after-war prognosis of such soldiers when they return to 
civil life. Under the direction of Lewis- the grading of men leaving the 


Military Hospital at Colchester was as follows: 

Fit for general service 20 per cent 

Fit for hardening or labor . 30 per cent 

Fit for light or sedentary work 30 per cent 

Permanently unfit 20 per cent 


This categorization generally proved to be correct as tested by the sub- 
sequent military careers of these soldiers discharged from the hospital. 
Our knowledge of the ultimate prognosis of soldiers after their return 
to civil life rests entirely on the follow-up study made by Grant’® on 
six hundred and one soldiers for five years after their discharge to 
civil life (Table III). 

Grant adds that this general prognosis is modified by the age of the 
patients and the tolerance to exercise. Thus the percentage of those 
between 17 and 20 years who were finally classified as fit was 25 per 
cent, vTereas it was only 2.1 per cent for those between 41 and 50 
years. In the same way the percentage of ultimate recoveries paralleled 
the grouping based on exercise tolerance, that is, the bette£ ^ the pa tigjH-^ 
tolerance to exercise, the greater were h is chances of ultimate^r^QiterV • 

You may be interested in the latest statistics of the medical findings 
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arnono- registrants in the New York City area for the Selective Ser\ice 
Draft, for which I am indebted to Colonel S. J. Kopetzky and Dr. 
Arthur M. Tiber. There were 1 15,569 registrants e.vamined. For diseases 
of the heart, blood vessels and circulation 12,261 or 10.61 per cent 
were rejected. For neurocirculatory asthenia 195 were rejected by the 
examiners, that is 1.6 per cent of the cardiovascular cases. Of course, 
nianv' instances of neurocirculatory asthenia have been rejected under 
the caption of tachycardia (1,180 registrants) or of one of the psycho- 
neuroses. I venture to state that many potential cases of neurocirculatory 
asthenia have slipped through and many of these may give adequate 
service without being disabled. To this day of course we do not know 
how many cases of neurocirculatory asthenia went through the first 
Great War, gave valuable service, and were never heard from by 
medical officers. As you are aware, neurocirculator)’- asthenia cases, 
unless mild, are entirely disqualified by the Draft Board and put into 
Group 4F. If mild, they are accepted in Group lA, for full dut\^ 

Trearvient: The treatment may be divided into (i) preventive and 
(2) curative. The latter consists in attempts at physical and psychologi- 
cal rehabilitation of the individual; this is best accomplished by the col- 
laboration of cardiologists and neuropsychiatrists. 

Prez'euthe T reatiuein: It is important to allow a proper convalescent 
period after any infection or severe operation. After complete recovery, 
patients should be gradually hardened before returning to full dutv^ 

2. Neurocirculatory asthenia is due in pan at least to emotional dis- 
turbance, especially fear. Therefore the cause for the emotional upset 
should beTemoved; But if this is impossible, the individual should be 
assisted to make an adjustment. The medical officer can sometimes stop 
the bullying non-commissioned officer from precipitating neurocircula- 
tory asthenia; if nor, he may adjust the recruit to this hardship and to his 
fear of army life. 

3. Neurocirculatory asthenia should be recognized as early as pos- 
sible, especially in children, and measures taken to prevent the condition 
from becoming chronic or permanent. In potential cases, i.e., those with 
family and previous personal histories of neuropsychic factors, psychic 
i nsults should be prt a^ented or remo ved. The famous psychologist, Wil- 
liam James, years ago in “A i\loraI Equivalent of War” advocated that 
ever}' youth should serve the nation for a term of years in an industrial 
army. This would harden lads, teach courage and heroism, and would 
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probably help the younger generation to adjust themselves to life.-^ 

Curative Treatumit: i. There is no specific treatment. 

2. The condition should be explained at the first interview and the 
patient reassured that he has no organic heart disease. 

3 - Lewis- used dafiy:._.graduated,. physical. ..exercises —with .route 
marches over a period of five or six weeks. The results were fairly good, 
but if was 'difficult to fell whether it was the physical exercises them- 
selves or the psychotherapeutic effect of the latter which accomplished 
the relatively good results. For civilians, graduated moderate physical 
exercise is to be recommended, such as golf, bicycling, pingpong,_or 
sw imming , The mere permission to indulge in exercise frequently con- 
vinces the patient that he has no organic cardiovascular disease. 

4. Occupational therapy has made great strides since 1917, and 
should be of value, if only to prevent invalids from becoming depressed. 
Carpentry, metal work, leather work, drawing, modelling and painting 
will afford regular occupation for men with neurocirculatory asthenia 
for at least half the day. 

5. Psychotherapy is indicted, but the psychotherapeutist must indi- 
vidualize andTven then be prepared for dubious results. Attempts with 
psychoanalyses were not successful at the Military Hospital in Colches- 
ter, but Captain Rivers who attempted psychoanalysis admitted he could 
not get far with privates and believed he would have been more success- 
ful with officers. Suggestion, including h ypnot ism, has been used in 
relatively few cases which were diagnosed as hysteria. Patients should 
bej’elieved of any unusual responsibility until they have recovered. 

6. Removal of foci of infection in teeth, tonsils, intestinal tract, 
\including the appendix and gallbladder, may or may not be of service. 

7. Sedatives may be used to tide over periods of insomnia or excite- 
ment. Other medication, except for individual symptoms, such as consti- 
pation, is useless. Amphetamine sulphate ( benzedrine ) seems to help the 
asthenia while it is being taken. 

8. In civilian practice yitamins ^should be tried, although there is at 
present no evidence of a primary vitamin deficiency in the etiology. In 
almost any chronic disorder there may be a secondary clinical or sub- 
clinical vitamin deficiency, due for example to loss of appetite. Nicounic_ 
acid has been especially vaunted for the psychoneuroses by competent 
neurologists. The administration of nicotinic acid in adequate doses cer- 
tainly results in vasodilator phenomena which may have a beneficial 
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psychic effect. However, JoIIiffe has given as much as 1000 mgm. of 
nicotinic acid a day for eight days, followed by 300 mgm. a day for a 
niontli, w'ithour making any impression on neurocirculatory asthenia. 
W'ith the present army daily ration consisting of 4,500 to 5,000 calories 
and rich in vitamins, one would not anticipate any vitamin deficiency 
among soldiers,. 

9. Adrenal denervation and ganglionectomy for neurocirculatory 
asthenia: It occurred to Crile"- some years ago to treat those cases 
W'hich are resistant to medical management by breaking the brain-ad- 
renal-sympatheric chain at the adrenal glands by denervation, or at the 
celiac ganglion by ganglionecton^. “Of one hundred and fourteen cases 
of neurocirculatory asthenia treated by adrenal denervation and fol- 
lowed up, in one hundred and seven cases or 93.86 per cent, the condi- 
tion was cured or improved,” Of fourteen cases subjected to celiac 
ganglionectomy and section of some communicating branches to the 
adrenal medulla, thirteen were followed up; “in twelve of these, or 91 
per cent the condition was improved or cured. There was only one 
failure.” These arc remarkable results. 

If these therapeutic suggestions are followed, there is a fair prospect 
of a return to full.or partial military duty of some patients, of economic 
restitution in civil life of others, and of symptomatic amelioration of the 
remainder u’ho are permanently incapacitated for any real work. In the 
treatment of neurocirculator)^ asthenia in times of war, it is to be 
remembered that it is to the soldier’s advantage to e.xaggerate and pro- 
long his complaints. The medical officer may be torn benveen his ob- 
ligation to the soldier as an individual and his duty to the State. 

CoXCLUSIOK 

I'seurocirculatory asthenia in its severe incapacitating form is a neu- 
rosis and usually a war neurosis frequently on a constitutional basis. It 
represents the somatic component of a psychoneurotic state. Its detec- 
tion is now particularly important because it ear-marks those who are 
potential candidates for a neurosis under war conditions. It is estimated 
cluiy_oycrJta I tjytj he beds in military, ho spita ls are nn-^y omipi pr| 

ith nenmus P LjllgllhlLdisaExlers.-^ thus permanently depriving 
odicrs of these hospital facilities. It behooves us therefore to study thb 
disorder, neurocirculatory asthenia more intensively, to prevent its 
occurrence in all the sendees if possible, and to learn to relieve the 



condition promptly when it occurs. 

It is particularly appropriate that Americans should pursue these in- 
vestigations, as the classic description of the disorder was based on 
observations made during our own Civil War by a Philadelphia clinician, 
Dr. J. M. Da Costa. 
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THE PRESENT STATUS OF THE DIAGNOSIS 
OF UNCOMPLICATED SYPHILITIC AORTITIS- 

Edwin P. Maynard, Jr. 

Assistant Clinical Professor of Medicine 
Long Island College of Medicine 


the last 1 5 years a large amount of work has been done 
on problems relating to cardiovascular syphilis. Some of 
this has been fruitful but in at least two fields consider- 
able remains to be done, namely, in the early diagnosis 
of uncomplicated aortitis and in the efficacy of treat- 
ment. Our discussion will be limited to the problem of the diagnosis 
of uncomplicated aortitis. By this term we mean syphilitic involvement 
of the aorta in the stage preceding the development of aortic insuffi- 
ciency, aneurysm or syphilitic coronary osteal stenosis. 

In 1932 Moore’^ studied the clinical records of 105 cases of uncom- 
plicated syphilitic aortitis which had been discovered at necrops)' at 
The Johns Hopkins Hospital benveen the years 1910 and 1930. Only 4 
had been diagnosed ante mortem and in only 1 3 others had the diagnosis 
been suspected. In 1927, in The Broold)Ti Hospital Adult Cardiac Clinic 
we undertook to e.xamine and follow all s}^philiric patients enrolled in 
the Venereal Disease Clinic. By 1935" a diagnosis of uncomplicated 
syphilitic aortitis had been made in 59 (17.05 per cent) of the 346 
patients included in the study. In contrast to this. White and Wise^ in 
1937 stated; “Since a clinical diagnosis of aortic s}'p>hilis can rarely be 
made within ten years after infection, it may safely be said that the 
early diagnosis of cardiovascular syphilis is practically impossible. If 
this is so, our interest is naturally next concentrated on the problem of 
the earliest possible diagnosis of such disease.” 

Because of conflicting statements, it seems desirable to attempt to 
throw more light upon the difficult problem of the diagnosis of un- 
complicated aortitis. Since it is agreed by most pathologists that syphilis 
can affect the aorta soon after the primary infection, it becomes im- 
portant to know in what proportion of patients this complication occurs. 



Prcscntcti October 15, IQ-tl in tbe Oroduste Portnight of XHe New \orIc Academy of ^Cedtcine 
From the Department of Medicine of The Brooklyn Hospital. 
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Langer^ found that from 70 to 80 per cent of all syphilitic patients who 
came to necropsy at the Rudolf Virchow Krankenhaus presented evi- 
dence of involvement of the aorta. Moore, Danglade and Reisinger^ 
placed the figure based on evidence collected in this country and abroad 
at between 80 and 90 per cent. Of course this does not imply that 
syphilitic aortitis was the cause of death in all these patients or that it 
caused cardiac symptoms. It means only that a syphilitic lesion of vari- 
able extent was present in a large per cent of all syphilitics examined 
post mortem. Furthermore, these statements do not take into considera- 
tion the very important factor of treatment. Vonderlehr and Usilton^ 
have shown that adequate treatment, given at the time of the chancre 
and continued for 2 years thereafter, prevented the development of 
cardiovascular syphilis in a group of syphilitics observed 10 or more 
years after the infection. Therefore we must suspect the probability of 
aortitis in all syphilitics except in those who have had early and adequate 
treatment. 

By what means can the physician arrive at a diagnosis of uncom- 
plicated syphilitic aortitis? In the first place, he must not wait for cardiac 
symptoms to call his attention to the aorta because uncomplicated 
syphilitic aortitis is a symptomless disease. Wilson,® in an analysis of 2 n 
cases of syphilitic aortitis proven at autopsy, found that cardiac symp- 
toms were related to the development of the complications of aortitis 
or to some other cardiovascular lesion. If we wait until the patient 
comes to us complaining about his heart we will not see him until aortic 
insufficiency, aneurysm or coronary osteal stenosis has appeared. This 
statement brings to mind the symptom “aortalgia,” the burning pain 
behind the upper sternum said to be caused by syphilitic inflammation 
of the aortic wall. In the fourteen years of our study we have not en- 
countered this symptom but we have met the anginal syndrome often. 
It seems probable that aortalgia was the name given to the pain of 
coronary insufficiency before the existence of syphilitic coronary osteal 
stenosis was well known. If a patient with syphilitic aortitis complains of 
retrosternal or precordial pain on effort, we add the diagnosis syphilitic 
coronary osteal stenosis. However, the converse of this is not true, von 
Jagic and von Zimmermann-Meinzingen’’ in a clinical and necropsy 
study found the anginal syndrome in only 50 per cent of the patients 
in whom syphilis had involved the coronary arteries. Syphilitic coronary 
osteal stenosis may produce sudden death without previous symptoms. 
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In diagnosing uncomplicated syphilitic aortitis there are two physical 
signs that may be helpful. The first is a hollow accentuated aortic sec- 
ond sound. We have not been able to discover any quality in this that 
is characteristic of syphilitic aortitis. Hypertension and arteriosclerosis 
may cause the same phenomenon. Nevertheless the following rule may 
be helpful: In a patient under 40 without hypertension who has a hol- 
low accentuated aortic second sound, suspect aortic dilatation due to 
syphilis. 

The second physical sign' is a systolic murmur at the aortic area. 
There is nothing pathognomic about this because it is also found in 
arteriosclerosis and hypertension but it does serve to call attention to 
possible changes in the caliber of the aorta or in the elasticity of its wall. 

Widened retromanubrial dullness has been given as a sign of a 
dilated aorta. Unfortunately slight or even moderate changes in the 
size of this vessel cannot be detected by percussion. Only when there 
is great dilatation can it be demonstrated by this method. I do not mean 
• to imply that the practice of percussion of the base of the heart and 
great vessels should be abandoned, because the method may detect 
aneurysmal dilatations, but it should not be included in the criteria for 
the diagnosis of uncomplicated aortitis. 

Fluoroscopy, orthodiagraphy and teleoroentgenography are very 
useful in studying the size and shape of the aorta and should be used 
periodically in every patient who has had syphilis. We should never 
fall into the error of treating a patient with syphilis of the central 
nervous system, for example, for months or years and forget to have a 
look at his aorta in the fluoroscope. Before arriving at a judgment it is 
necessary to be familiar with the size, shape and position of the normal 
aorta. Laubry® has carried out some valuable studies that give much in- 
formation on these points. A cadaver was suspended by the head, a 
radiopaque substance was injected by way of the carotid artery into 
the aorta and heart, thereby filling the left ventricle and auricle. Roent- 
genograms were taken of the heart and great vessels. The material was 
then washed out and a fresh supply injected by way of the superior 
vena cava into the right auricle, right ventricle and pulmonary artery. 
Roentgenograms were taken of these structures. By superimposing the 
two sets of films the topographical anatomy of the heart with the body 
in the erect position could be studied. Laubry demonstrated conclusively 
that in young subjects the aorta is a midline structure situated behind 
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the body of the sternum, rising vertically toward the neck and then 
curving backward and slightly to the left. The right border of the 
vascular pedicle is formed by the superior vena cava. As -age advances, 
the aorta elongates, the loop widens and the ascending aorta moves to 
the right pushing the superior vena cava to the right at first and later 
backward so that in older subjects the aorta comes to form the right 
border of the vascular pedicle. All Laubry’s work was perforce done 
after death when anatomical relations may be different from what they 
are in life. Cosseo" of Buenos Aires has supplied the final proof that 
Laubry’s observations hold true for the living as well. In a patient under 
fluoroscopic observation he inserted a long rubber catheter through the 
right median basilic and subclavian veins, down the superior vena cava 
and into the right auricle-. By this daring experiment he showed that 
the superior vena c-ava lay to the right of the aorta. 

With these concepts in mind and having familiarized ourselves with 
the appearance of the normal aorta, the next step is to learn to recog- 
nize the characteristics of a dilated vessel. Early in our studies of cardio- 
vascular syphilis we attempted to use the width of the vascular pedicle 
measured by the Vaquez method as a criterion. On the basis of Bain- 
ton’s^” work we set 7 cm. as the upper limit of normal for the vascular 
pedicle at any age. Whenever this measured more than 7 cm. we con- 
sidered it to indicate widening of the aortic loop. Teleoroentgenograms 
were taken year after year on every patient. When these were reviewed 
in chronological order it was found that there was considerable variation 
in the width of the vascular pedicle in either direction in the same 
patient. With our present radiologic technique it is not possible to syn- 
chronize the making of the exposure with a given phase of the cardiac 
cycle. As a result some films are exposed when the aorta is distended by 
systole and others when it is contracted in diastole. Another source of 
error is the centering of the patient. If this is not exact there will be a 
change in the measurement of the vascular pedicle. The level of the 
diaphragm is another variable, being altered by changes in body weight 
or in the phase of respiration at which the film is exposed. As time went 
on we came to see that we could not be certain of the upper limit of 
normal for the width of the vascular pedicle and from this to conclude 
that a measurement in excess of a given figure indicated a dilated aorta. 
Consequently we have abandoned our original criterion of 7 cm. as the 
upper limit of normal and rely upon information that can be gained 
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through a study of the contours of the aorta in the teleoroentgenogram 
and under the fluoroscope. Localized bulging of the wall of the aorta, 
particularly to the right in the ascending portion or forward on the 
ventral surface can be interpreted as indicating a weakening of the wall. 
Under these circumstances the aorta may be said to be dilated. Again, 
if there is general widening of the vascular pedicle to such a degree that 
its right border e.xtends as far as the right border of the heart, it is 
safe to assume that aortic dilatation is responsible for this, provided that 
abnormalities of the lungs, pleura and mediastinum have been excluded. 
Abnormal pulsations either localized or diffuse, if they are well marked, 
indicate dilatation of the aorta. When the patient is viewed in the left 
oblique position, the ventral surface of the normal aorta extends toward 
the neck in a straight line or in a gentle forward curve. A sharp bend 
forward indicates dilatation or elongation of the aorta. 

Attempts to measure the acnial diameter of the aorta, either in the 
ascending portion or arch, have met with failure except in those in- 
stances where advanced arteriosclerosis outlines the vessel walls dis- 
tinctly. In either the right or left oblique views the luminosity of the 
air columns in the trachea and main bronchi make it impossible to locate 
the aortic walls with any degree of certainty. Kreuzfuchs^^ has de- 
scribed an ingenious method of measuring the true diameter of the 
aorta at the knob which has proved valuable in our hands. Under fluoro- 
scopy with orthodiagraphic technique the left border of the knob of 
the aorta is found and marked on the screen. The patient then swallows 
thick barium paste which he has been holding in his mouth.- As the 
column descends in the esophagus to the right of the aortic knob a 
crescentic indentation will be seen in it formed by pressure upon the 
esophagus exerted by the aortic arch at the knob. The central point of 
this crescent is then marked on the screen. The distance between these 
two points after ^ mm. has been subtracted for the thickness of the 
esophageal wall is the true diameter of the aortic knob. RoesleT- gives 
2.0 and 4.0 cm. as the minimal and maximal figures for healthy adults. 

AVhen all these methods of roentsjen examination have been used, it 
is possible for the experienced roentgenologist to state whether there is 
evidence of aortic dilatation or not. However, we do not believe that 
it is possible for him to make a diagnosis of syphilitic aortitis on x-ray 
evidence alone. The clinician must decide what disease or combination 
of diseases is responsible for the dilatation of the aorta. 
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Having discussed the clinical and roentgenologic aspects of the diag- 
nosis of uncomplicated aortitis, it is possible to derive six diagnostic 
criteria* therefrom: 

1. The patient must be 40 years of age or younger. Ophiils^® in a 
statistical survey of 3000 autopsies found that between ages 30 and 40 
arteriosclerosis was slight and appeared in only 6 per cent of the cases 
whereas between 40 and 50 nearly one fourth of all cases showed vas- 
cular lesions. It is therefore impossible for the clinician to say whether 
syphilis or arteriosclerosis or a combination of both is responsible for 
changes in the aorta appearing after the age of forty, 

2. The patient must have had syphilis beyond reasonable doubt. In 
our studies we have required a history of an initial infection plus one 
strongly positive Wassermann reaction or, if there is no history of 
infection, then two strongly positive Wassermann tests. If neither of 
these is present then there must be incontrovertible evidence of syphilis 
elsewhere in the body; tabes, for example. If one attempts to discover 
syphilitic aortitis in a group of patients in some of whom the presence 
of syphilis is in doubt the percentage incidence will be too low, 

3. There muk be no evidence of any other disease that might dilate 
the aorta. Arteriosclerosis, rheumatic fever, rheumatic heart disease, 
hypertension and hyperthyroidism must be excluded. 

4. There must be roentgenographic or fluoroscopic evidence of a 
dilated aorta. 

5. There may be a hollow, accentuated aortic second sound. 

6. There may be a systolic murmur at the aortic area. 

Hedley.^'* has recently published almost identical criteria except that 
he includes “a history of cardiac insufficiency, precordial or substernal 
distress, or paroxysmal dyspnea” as one of them. As already emphasized 
cardiac symptoms appear late in the course of cardiovascular syphilis 
and are not helpful in the diagnosis of uncomplicated aortitis. When the 
results of 8 years of the cardiovascular syphilis study in The Brooklyn 
Hospital Cardiac Clinic were reviewed in 1935“ the criteria for the diag- 
nosis O'f uncomplicated aortitis were less rigid than at present. The age 
limit was 50 years and 7 cm, was used as the upper limit of normal for 
the vascular pedicle. Using these criteria 59 (17.05 per cent) of the 346 
patients in the series were diagnosed as having uncomphcated aorntis. 
Now after 14 years of the study the age limit has been reduced to forty 

* These criteria were first published in The Brooklyn Hospital Journal, .■Xpril 19-10. 
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Taiile I 

DEVELOP*MEXT OF GRAYER LESIONS UNDER OBSERVATION 


Diagnosis 
on First 
Examination 

Number 

of 

Cases 

Developed 

Dilated Aorta 

Developed ' 
Aortic 
Insufficiency 

Developed 

Aneurysm 

Before 40 

I After 40 

! 

Potential 

357 

0* 

4 * 

0 

0 

Uncomplicated rVortitis 

8 



0 

0 

Aortitis or .Arterioscle- 

55 



s 

1 

rosis of Aorta (over 40) 







• In 2 additional cases under 40 and in 27 over 4Q aortic dilatation was found by fluoroscopy but 
we cannot be certain that tliis developed during the period of observation since there had been no 
previous fluoroscopic examinations. 


and the use of a numerical figure as the upper limit of normal for the 
vascular pedicle has been abandoned. As the result only 12 (2.5 per 
cent) of the 477 patients now included in the study are considered to 
have uncomplicated aortitis. 

One way to test the validity of these criteria is to see whether under 
observation any of the patients develop the graver lesions of cardio- 
vascular syphilis: aortic insufficiency, aneurysm or coronary osteal 
stenosis. None of the 12 patients (Table I) diagnosed as having uncom- 
plicated aortitis have done so. However, there are 86 patients in the 
study group in whom the aorta is dilated but who are over 40 years of 
age. In these a diagnosis of aortitis or arteriosclerosis is made because it 
is not possible to be sure which disease is responsible for the dilatation 
of the aorta. Among these 86 patients, 5 have developed aortic insuffi- 
ciency and one an aneurysm. 

There are 357 patients diagnosed as potential cardiacs.* They have 
all had syphilis but when they first came to the cardiac clinic they 
showed no evidence of cardiovascular involvement. Two of these' de- 
veloped dilated aortas before they reached the age of 40 and 4 after- 
ward. In the 2 still under 40 the diagnosis of syphilitic aortitis is justified 
but in those over 40 the dilatation must be ascribed either to syphilis 
or arteriosclerosis. 

Before discussing the significance of these data, it must be stated that 
most of the 477 patients have been receiving antisyphilitic treatment 


* According to the criteria of the Xew York Heart Association. 
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more or less regularly during their period of observation. This may be 
one of the reasons for the small number of patients in whom the disease 
progressed to the point where its late sequelae were manifest. Bruus- 
gaard^“ in a group of syphilitic patients who had never received any 
antiluetic treatment found that 1.5 per cent had cardiovascular syphilis 
in from 3 to 10 years after infection and 10 per cent had it after 20 to 
30 years. 

Another explanation may be that the patients have not been observed 
over a long enough period. Syphilitic aortitis progresses very slowly so 
that its late sequelae are nor discovered until an average of 20 years has 
passed after the initial infection. The fact that none of the patients who 
were under 40 when first observed developed aortic insufficiency or 
aneurysm while 6 of those over 40 did so seems to indicate that our 
failure to observe these complications in the younger group is related 
to the shorter duration of the disease. 

Another method of testing the validity of a set of diagnostic criteria 
is to compare the clinical diagnosis with the findings at post-mortem 
examination. The difficulty with this method for our purposes lies in 
the fact that patients with uncomplicated aortitis do not die of this 
condition and therefore our opportunities for necropsy study are limited 
to those who have died from other causes. In the past 14 years we^” 
have had this opportunity 13 times. In 4 instances in which the clinical 
diagnosis was “normal aorta” the necropsy diagnosis was the same in 3. 
In 2 cases diagnosed uncomplicated syphilitic aortitis we were right in 
one and wrong in the other. There were 7 patients with dilated aortas 
who were over 40 when this condition was discovered and because ol 
this the clinical diagnosis was aortitis or arteriosclerosis or both. Necropsy 
confirmed this diagnosis in all 7 cases. It should be pointed out here that 
a clinical diagnosis including 2 diseases has a double chance of being 
confirmed post mortem. Nevertheless a group of criteria whose use 
makes it possible to arrive at a correct clinical diagnosis in 1 1 out of 1 3 
cases appears to warrant further clinical trial. 

Conclusions 

1. The diagnosis of syphilitic aortitis can be made before aortic insuffi- 
ciency or aneurysm has appeared. 

2. The frequency of the diagnosis is not as high as that found in our 

first report (17.05 per cent). At present it is 2.5 per cent. 
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3. The measurement of the width of the vascular pedicle by the V aquez 
method cannot be used as a criterion of dilatation of the aorta. 

4. The diagnosis of uncomplicated aortitis should not be made in pa- 
tients over 40 years of age. 

5. The diagnosis “aortitis or arteriosclerosis” is a useful method of ex- 
pressing the probable pathology in patients whose aortas are dilated 
and who are over 40 years of age. 


1. -Moore, J. E., Danglatle, J. H. and Reis- 
inger, J. G. Diagnosis of syphilitic aorti- 
tis uncomplicated l)y aortic regurgita- 
tion or aneurysm, Arch. hit. Med., 1932, 

2. Maynard, E. P, et »l. Cardiovascular 
syphilis; early diagnosis and clinical 
course of aortitis in 346 cases of syph- 
ilis, Arch. Int. Med., 1933, 33.‘873. 

3. White, P. D. and Wise, N. B. Early 
diagnosis of cardiovascular syphilis, 
Ne-iO England J. Med., 1937, 577:988. 

i. Lunger, E. Die Huufigkeit der luetischcn 
Organveriinderungen, insbesondere der 
Aortitis luetica, Miinchen. med. Wchn- 
schr., 192G, 73:1782. 

5. Vonderlehr, R. A. and Usilton, L. J. 
The chance of acquiring syphilis ami 
the frequency of its disastrous outcome, 
Ven. Die. Inform., 1938, 79:396. 

6. Wilson, R., Jr. Studies in sypliilitic car- 
diovascular disease; uncrmjdicated 
syphilitic aortitis, Am. J. M. S--., 1937, 
79.;: 178. 

7. von Jagic, X. and von Zimmermann- 
.Meinzinger, O. Ueber die luetischcn 
.Vortenkrankheiten, Munrhen. med. 
Wochenschr., 1937, 3J;l(iU; 1731. 


Laubry, C. et al. Etude anatomoradio- 
logique du ccEuer et des gros vaisseaux 
par opacification, J. radiol. et d’electroL, 
1935, 79:193. 

9. Cosseo, P. Personal communication. 

10. Bainton, J. H, The silliouette of the 
heart and the aortic arcii, .dm. Heart J., 
1932-33, 3:616. 

11. Kreuzfuchs, S. Ueber eine neue Metbode 
der .-^ortenmessung, Med. Klin. (Ber- 
lin), 1920, 76:36. 

12. Roesler, H. Clinical roentgenologg of 
the furdiovascular system. Springfield, 

111., Thomas, 1937, p. 77. 

13. Ophiils, W. A statistical survey of three 
thousand autopsies. San Francisco, Stan- 
ford Univ. Press, 1926, p. 2.5.5. 

M. Medley, O. F. Heart disease in Philadel- 
phia cafdiac clinics; syphilis of heart 
and aorta. Pub. Health Bull., 19H, Ko, 
563:15. 

1.5, Bruusgaard, E. tlber das Schicksal der 
nicht spezifisch behandelten Luetiker, 
Arch. f. Derm. u. Syph., 1929, 7.57:.309. 

16. Maynard, E. P., Jr. Diagnosis of cardio- 
vascular syphilis, Brooklyn Ho.sp. J,, 
1910, 5:69. 


RE PE HE KCE.d 
S. 


i lm iiuthor wslies to e.\pre.ss Iiis thanks to his colleagues J. A. Curran, A. Sitlnev 
Barritt, Jr., I. L Bosen and J. G. Senese in the syphilis division of The Brookivn 
Hospital Cardiac Clinic for the clinical data they have supplied; to Miss Claire Lin'gg 
.and -Miss Rose L. Goldman of the staff of the Research Committee of the Hew York 
Heart Association for their analysis of the statistical material and to John Pepe, Roent- 
genologist of 1 he. Brooklyn Hospital for his fluoroscopic and roentgenographic studie.s. 




392 


THE BULLETIN 


COAGENCY IN THE APPROACH TO THE 
PROBLEM OF RHEUMATIC HEART DISEASE* 

Edward S. Rogers / 

Assistant Commissioner for Medical Administration 
New York State Department of Health, Albany 



-^ITH but few exceptions, it is almost impossible to trace the 
origin of those major advances in the discovery and* 
W i practical application of medical knowledge which have 
occurred with such rapidity in recent years. The impact 
of each important scientific discovery and of each 
demonstrated need upon a receptive mind is no longer the rare priv- 
ilege of a few, but falls with similar force upon the minds of men in 
many places. Thus we see the simultaneous growth of otherwise un- 
related movements in different parts of the world and of interest in a 
single problem by different groups or individuals within the same parts 


of the world. 

For example,' the fact that by last summer eleven States had, one by 
one, embarked upon so-called cardiac programs,^ should not be inter- 
preted as evidence that; one State followed the pattern of another, or 
that they all stemmed from a common source of leadership, but rather 
as a normal outcropping of accumulated experiences common to persons 
in all these States and modified in time and form mostly by opportunity 
in terms of environmental differences. The fact that New York State 
was one of the last of these eleven, does not in itself, to my mind, single 
it out as being backward. In fact, quite to the contrary, one might justify 
the'^somewhat paradoxical statement that it was advanced and hence felt 
the need of further progress somewhat more slowly. 

The New York Heart Association had developed a highly organized 
system of cardiac clinics and conducted valuable studies over a period 
of twenty years;- cardiac clinics of merit were in operation in two other 
major cities; one-half of the beds for the convalescent care of cardiac- 
children in the country were located in this State cardiac children 
were extended special educational facilities, subsequently criticized 


* Read before a Joint Session of the Section on P^iatrics. The 

fhe Xew York Heart Association, at New York Oty, February 10. 1942. 


Pediatrics. The New York Academy of Medicine, and 
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though they have been, in. New York City-,'* our medical schools and 
research institutions had earned important places of leadership in this 
field; The New York Academy of iMedicine and the New York Tuber- 
culosis and Health Association made formal recognition of the need of 
public education in rheumatic disease some 7 years ago;" and our leaders 
and thinkers in clinical medicine, research, and public health, had kept 
pace with those in other parts of the country in pointing out the needs 
for a comprehensive public health approach to the problem of heart 
disease.-’ The foregoing, however, must be said with one sweeping 
reservation. Due credit must be given to the administrative imagination 
and wenius of the minds behind the London Rheumatism Scherne,^^ 

O 

which has greatly preceded, but for some unaccountable reason, very 
little influenced our urge to similar action. 

Being thus advanced, the more the pity of course, that it took us 
so long to realize how inadequately we were prepared to make any 
appreciable inroads upon so large a problem; how insufficient the periods 
of hospital care being received by children with acute rheumatic fever;' 
how hopeless the chance of providing adequate convalescent care in 
Avhich the whole child and his social environment were given considera- 
tion;^ how poor our supervision of the cardiac child in school;’* how 
ineffective our facilities for case finding and diagnosis; how lacking the 
means for coordinating and fully utilizing the services of existing 
agencies. 

Of course these difficulties were recognized by some. The broadened 
concept of heart disease as a public health problem was voiced by a 
number of those here this evening several years before our program was 
undertaken. I can give no better evidence of their forethought than to 
quote from Dr. Boas,*" who, in addressing the State Conference of Social 
Workers in 1935, said; “The State Departnrent of Health must pay 
more attention to these cardiac cripples. In the past the term cripples 
has been restricted to clfildren with orthopedic defects, those with pa- 
ralysis following poliomyelitis or tvith diseases of the bones and joints. 
The attention of the State Department of Health has been confined to 
these cases. The child with heart disease is just as much a cripple as a 
child with a paralyzed leg and is just as deserving of rehabilitation. Em- 
phasis of this point of view is particularly important at present when 
under the new Social Security Act the State Department of Health 
is planning a new study of the needs of crippled children. . . 
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By 1939 and early 1940, these views had grown to a point where 
they were well supported by medical opinion in general and Doctor 
Edward S. Godfrey, Jr., State Commissioner of Health, was approached 
by leaders from this Academy, the New York Heart Association, the 
American Academy of Pediatrics, two medical schools (one in New 
York City and one upstate), and the New York City Department of 
Health, with the suggestion that the time had come when the administra- 
tive assistance that the Department could best provide was much needed. 
This suggestion met with two coincidental and favorable circumstances; 
namely, the announcement by the Children’s Bureau of the United 
States Department of Labor that certain of the Social Security funds 
allocated to it for Crippled Children’s Services would be made available 
to aid in State programs for the care of children with rheumatic heart 
disease, and the availability of 96 beds, then unused, at the New York 
State Reconstruction Home at West Haverstraw, an institution under 
the jurisdiction of the Department of Health. 

Doctor Godfrey called together two advisory groups of highly 
qualified physicians to consider and advise him with respect to: First, 
the propriety of the State’s undertaking such a program; and second, 
the suitability of the State Reconstruction Home for a convalescent 
hospital service for cardiac children. Both reports were favorable to the 
proposed action. Accordingly, late in 1940, an administrative unit 
known as the Cardiac Bureau was added to the Department under the 
direction of my associate. Doctor David D. Rutstein, and by the early 
summer of 1941, the necessary personnel had been obtained and the 
cardiac service was opened at West Haverstraw. 

The objectives of the State program and the details of the service 
at West Haverstraw are, I am sure, familiar to many of you since we 
have drawn heavily upon the membership of the Academy and the 
Heart Association for advice not only in the planning of which I have 
spoken, but also for the Advisory Committee which now guides our 
policies, the visiting and advisory stafFs at West Haverstraw, and m 
other ways. Briefly, these objectives are: 

I. To provide through the development of cardiac clinics (meeting 
the standards of the American Heart Association as adapted from those 
of the New York Heart Association) foci for the diagnosis of rheumatic 
heart disease in children and for the graduate instruction of physicians 
in the same; 
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a. To provide, through the cardiac ser\dce at the State Reconstruc- 
tion Home, as ideal care as possible for children and young adults up 
to the aijc of 2 1 years, who reside within a reasonable distance of that 
institution-, and otherwise, to aid communities in the organization of all 
of their existing agencies and facilities which might serve this objective; 

3. To pursue, in cooperation with the State Medical Society, and 
other qualified medical groups, an active graduate medical educational 
program directed toward more exact diagnosis and correspondingly bet- 
ter handling of heart disease in children; 

4. To pursue such opportunities as may present themselves for study 
of the epidemiology and public health aspects of rheumatic disease. 

It is relevant to point out, in connection with the second objective, 
i.c., the provision of care, that it has never been clearly shown whether 
or not the specific benefits of convalescent hospital care might also be 
obtained bv other and possibly less costly means.^^' Our plan, there- 
fore, purposes, if possible, to study the practicability and value, both 
from a scientific and administrative point of view, of prolonged con- 
valescent hospital care and rehabilitation of children who present a 
reasonably favorable prognosis, in comparison to home care for a simi- 
lar group of children who, however, will receive the benefits of quali- 
fied medical and public health nursing supervision, social supervision 
including improved housing and other necessary environmental adjust- 
ments. and all other benefits of which reasonable community organiza- 
tion is capable. 

I should like, if I may, to return to the program as it relates to New 
^ ork City, in which you are more particularly interested, and to which 
this discussion is directed primarily. Here we are confronted by a prob- 
lem in which over a dozen organizations, voluntary agencies, and gov- 
ernmental departments, have developed a high degree of interest and, 
some of them, considerable activity. Obviously a common meeting 
ground is required, a point where the facilities, ideas, plans and problems 
of these agencies, all administratively independent, may be cleared and 
from which they may proceed to function in an efficient manner. 

1 here arc two major administrative procedures that might be ap- 
plied: One. direct supen-ision or, as it is sometimes called, vertical 
administration; the other, collaboration of agencies along lines of more 
or less horizontal administration. Both require an administrative unit but 
in the former it is regulator^'; in the latter, persuasive in its functions. 
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I wish to venture the view that for the problem at hand neither is 
suited. In this country, we mistrust bureaucracy. It is perhaps justifiable 
in an emergency where time is of major importance but ordinarily we 
consider it dangerous and un-American. We believe that many quali- 
fied minds form better judgments than a single mind and we are dis- 
inclined to regiment easily. On the other hand, individuahsm and au- 
tonomy can most certainly be carried to a fault and unless care is taken 
we find that such administrative autonomy tends to become the objec- 
tive and attention is diverted from the fulfillment of the original 
purpose. 

We all are acquainted with voluntary service organizations of one 
kind or another, some of which work splendidly with discipline and 
dignity, others of which fail completely. It is of the utmost importance 
that we find what the difference is between these and be correspondingly 
guided. The answer seems simple. Is it not in sincerity of purpose? If 
we are deeply concerned with a problem, will not small interests tend 
to disappear and be replaced by voluntary submission to a reasonable 
and sincere administrative direction? The rational approach seems to lie 
between the undesirable extremes of regulation, which in this case can- 
not be considered, and the impotence of the so-called cooperative pro- 
gram which so often dies with its lips still serving. In order to describe 
this rational approach, I have chosen the term coctgency because, to me, 
it seems to connote that degree of positiveness in cooperation upon 
which success may well depend. 

Let us, by way of illustration, inspect a few aspects of our problem 
and see how dependent it necessarily must be upon a functioning 

coagency. ' . i n- 

First, there is the question of case finding. Here in New York City 

perhaps this will not present the developmental difficulties that it might 
in a city with less well-organized clinic facilities and provision for 
school medical inspection. Both are major sources. In 1934, according 
to Swift,- approximately 1800 children were discharged from New Yor 
City hospitals with varying degrees of rheumatic carditis. There is no 
central registry of these as in London and at present their further ca 
is largely ^a matter of the affiliations of the hospital from which tey 
were discharged, and the interest of the medical social services. e 
over 5,000 cases of rheumatic heart disease are treated annually m tie 
fifty-six affiliated clinics of the New York Heart Association." Recor s 
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of these arc available to the Association, but there is no mechanism for 
clearing them with the records of many of the hospital discharges, nor 
of cases detected in other ways, such as through school medical inspec- 
tion, and more particularly the patients carefully diagnosed and reg- 
istered by the City Department of Health through its excellent new 
Cardiac Classification Sendee. 

And what if these patients,- as well as those found in private practice 
or through other channels, were all cleared through a central point? 
Could the diagnosis be considered as sufficiently accurate for a registry 
upon which service and studies would both depend? The experiences 
of PauU" and of Rutsteiffi^ suggest that they cannot be so considered. 
For uniform standards of diagnosis, the skill of specially qualified diag- 
nosticians appears necessary. To be sure, most creditable steps already 
have been made in this direction here in New York City, but means 
should be found for their further extension if the total problem is to be 
clarified. 

In considering other possible methods of case finding, one cannot 
escape the question as to whether or not better knowledge of the 
epidemiology of the disease may lead, as it is doing in tuberculosis, di- 
rectly to families or situations where the mass of cases may be found. 
The studies of PauP^ and Gauld and his associates"® strongly indicate 
this as a possibility. If it proves true, new mechanisms must be developed 
which will probably be a major concern of the health department. 

Second, having found the patients, what is to be done? A certain 
■proportion will need continued convalescent hospital care and gradual 
rehabilitation. All will require regular medical supervdsion for a period 
of years at a clinic or by their own physician. A large majority will 
require careful study of their home and social-environmental problems."^ 
Many will require adjusnnents. 

1 here are still far too few beds for the convalescent care of children 
with rheumatic heart disease to approach the estimated need in this cit)%" 
despite the recent expansion of facilities at St. Francis Sanatorium at 
Roslyn, Long Island, and the opening of the ninetv-six bed service by 
the State Department of Health at its Reconstruction Flome at West 
Haverstraw. Admission of patients from medically indigent families to 
these and the other available ser\'ices follows different patterns varying 
from simple clearance through a medical research clinic into its endowed 
convalescent wards, to care at city expense administered by the Depart- 
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ment of Social Welfare, or as in the case of the New York State Re- 
construction Home, care at shared City and State expense through the 
agency of the Domestic Relations Court and the State Department of 
Health. 

The problem of medical supervision through clinics and private 
physicians is closely related to that of the follow-up obser\'ation of 
patients discharged from the several specialized convalescent hospitals. 
Ail of these institutions are investigative in their point of view, and are 
certainly entitled to any reasonable data that they may require. Yet, 
attempts to obtain these data must be carefully protected from falling 
on innumerable obstacles. It is a problem with which clinic social work- 
ers, school medical sendees, public health and visiting nurses, as well as 
physicians, will find themselves concerned. 

Likewise, the problems of meeting the social-environmental and edu- 
cational needs of these children cross many administrative lines and 
enter into the jurisdictions of several departments of government as well 
as being the concern of voluntary agencies. 

Third, there is the question of administration. At the Federal level, 
the chief agency is the Children’s Bureau, which, through its administra- 
tion of Social Security funds for Crippled Children’s Services, is in a 
strong position to encourage and influence the standards of State pro- 
grams and of related medical care. The actual determination of policy, 
however, resides with the States, but New York State, under the law, 
has no health jurisdiction in New York City, save for its general respon- 
sibility for the expenditure of Federal Funds. I look, therefore, to th^ 
time when the City Department of Health will be in a position to incoi- 
porate certain phases of the program in the activities of its crippled chil- 
dren’s service. 

It is probably unnecessary to go further to picture the amazing 
amount of interlacing and the complexity of the administrative problem 
that faces us. Disease has often been said to have no respect for 
boundaries or political lines. I may add that neither does it respect man s 
ideas of administrative orderliness. If we are to succeed, we, as a group 
of agencies, must be willing to cross the preconceived lines of our 
several organizations where and when indicated by sound judgment. 
By so doing alone, can we hope to accomplish our objective wit t e 
o-reatest economy of facilities, manpower and expense. 
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STUDIES ON HEADACHE: THE MECHANISMS 
AND SIGNIFICANCE OF THE HEADACHE 
ASSOCIATED WITH BRAIN TUMOR* 

E. Charles Kunkle, Bronson S. Ray and Harold G, Wolff 


^52SH5H5E5BSE^eadache of patients with brain tumor has been consid- 
H ered to be of limited clinical interest. The mechanism 
§ of its production has been incompletely understood and 
3 its value in localization of the lesion has been minimized, 
CiHSHSHSHSHSHsS This restriction of interest in the clinical importance 
of the headache has at least two explanations: first, the location of the 
pain has seemed to bear little relation to that of the tumor;^’"’^ and sec- 
ond, tumor headache has been held to be a manifestation of generalized 
increase in intracranial pressure, and therefore of little value in locali- 
zation. The observations which have been made regarding the associa- 
tion of headache in certain sites with specific tumor types or locations 
are In these, the emphasis is placed upon the occipital 

headache characteristic of cerebellar tumors and the frontal reference 
of pain when such lesions produce internal hydrocephalus. The current 
generally accepted view of the localizing value of brain tumor head- 
ache is summarized in two sentences from a text-book of medicine writ- 
ten seventy-three years ago: “Pain in the head [in patients with brain 
tumor] is frequently limited to a circumscribed space, but the locality 
may not correspond to the site of the tumor. The pain, however, is gen- 
erally on the side of the head corresponding to the situation of the tumor 
and is referred to the occiput if the tumor be situated in or upon the cere- 
bellum.”'- 


The Probleai 

The purposes of this study were: (i) to define the quality and 
intensity of brain tumor headache; (2) to ascertain in how many cases 
the occurrence and location of the headache could be e.xplained and to 
outline the common mechanisms of brain tumor headache; and (3) to 
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define when headache might be expected to have value in diagnosis and 
localization of brain tumor. 


Patient Material 


Scvcnty-nvo patients with primary brain tumor were selected. Only 
those patients who made adequate descriptions of symptoms were stud- 
ied. In all, the location, size and type of tumor were established at 
operation or autopsy. The tumors were grouped as follow: 


Suprulentorial tumors: 

.VvningioiiM 15 

Glioma 2*2 

Glioblastoma niultiforme 13 

Oligodendroglioma 3 

Astrocytoma 2 

.■\ngio.sarcoma 2 

Ganglioneuroma 1 

Xcuroblastonia 1 

3rd ventricle tumors 2 

llypopliysial adcno))ia 8 

Craiiiopbiiryngioma 7 


Infratentorial tumors: 

Cercbclloj)ontile angle tumors 

-Meningioma .... 

Trigeminal "neuroma” 

.Icoiistic "neuroma” 

Ccreliellar and /oiirtii ventricle tumors 

.Astrocytoma 

Hemangiobiastoma 

-Angiofibroma 

-Medulloblastoma 

-Aleiiiiigeal sarcoma 

Glioblastoma niultiforme 


51 


1 

1 

5 

5 

2 

1 

I 

1 

1 


7 

11 


18 

rieadache, either continuous or more frequently intermittent, was 
present in sixty-five or 9/10, and increased intracranial pressure, in 
forty-nine or about 7/10 of the patients. The evidence for increased 
pressure included one or more of the following criteria: papilledema, 
accentuated convolutional markings on roentgenogram of the skull, ven- 
tricular dilatation on ventriculogram, definite manifestations of pressure 
increase when the ventricles Averc tapped or the bone fiap turned down, 
and elevated cerebrospinal fluid pressure on lumbar tap. 

1. The Qi-ALiry and iNTExsirY of Brain Tc.mor Headache 

I he head.iche w.as of a deep, aching, steady, dull nature. It was not 
rhythmic and seldom throbbing. It was usually intermittent, but in one 
tenth oj the patients it was continuous. The headache was sometimes 
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severe, but rarely was it as intense as that of migraine or the headache 
associated with ruptured cerebral aneurysm, meningitis, or certain febrile 
illnesses or that induced by certain drugs. It was usually relieved by 
acetylsalicylic acid, or cold packs applied to the scalp, both indications 
of its moderate intensity. It rarely interfered with sleep. It was aggra- 
vated by coughing, or straining at stool and sometimes it was worse in 
the erect than in the recumbent position. It was commonly aggravated 
also by the onset of a minor infection. If there were any variation in 
intensity during the twenty-four cycle, it was worse in the early 
morning. 

Even when the tumor directly compressed or extensively stretched 
cranial nerves containing pain aiferents, the pain was not equal in inten- 
sity to that of tic douloureux, and indeed was often mild or absent.'*’ 

Unless the pain were severe, nausea with tumor headache was slight. 
Vomiting occurred with displacement or compression of the medulla** 
and was sometimes “projectile,” perhaps because it was unexpected when 
unaccompanied by nausea. The headache when occipital or suboccipital 
was sometimes associated with “stiffness” or aching of the muscles of 
the neck and tilting of the head toward the side of the tumor. 

II. The Mechanisms of Brain Tumor Headache 

Two sets of recent observations on headache mechanisms directly 
introduce the present study. First of all, data obtained during the oper- 
ative exposure of intracranial contents have identified those structures 
which are pain sensitive to mechanical stimulation, and the sites of the 
headache thus induced.*®’ *®’ *^’ *® These structures are, in brief, the great 
venous sinuses and their tributaries from the surface of the brain, the 
dural arteries, the internal carotid arteries, the cerebral arteries at the 
base, the basilar and vertebral arteries, the other arteries near their sites 
of origin from the basilar and vertebral trunks, parts of the dura at the 
base, and the intracranial portions of the trigeminal, glossopharyngeal, 
vagus and upper cervical nerves. It was noted, furthermore, that stimu- 
lation of the pain sensitive structures on or above the superior surface 
of the tentorium cerebelli resulted in pain transmitted by the fifth nerv'e 
and located in regions on the anterior half of the head. 

Stimulation of the pain sensitive intracranial structures on or below 
the inferior surface of the tentorium cerebelli resulted in pain over the 
posterior half of the head, the pain pathways being chiefly in the ninth 
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HtAOACHEl SITES ANO INTRACRANIAL STRUCTURES INVOLVED 



MIDDLE MENINGEAL ARTERY 
INTERNAL CAROTID ARTERY 
MIDDLE CEREBRAL ARTERY 
MIDDLE CEREBRAL VEIN 
VEINS OF LAB0E' 

SAGITTAL SINUS-ANT. I /2 



PETROSAL VEIN 

DURAL FLOOR- POSTERIOR FOSSA 
PONTILE artery 
internal AUDITORY ARTERY 

TENTORIUM CEREBELLi 
INFERIOR SURFACE 
TRANSVERSE SINUS INF. SURF. 
straight SINUS 
SIGMOID SINUS 

NINTH AND TENTH NERVES CR. 



SAGITTAL SINUS -ANT. I /2 
1NCL. TRIBUTARY VEINS 
MUCOSA OF SPHENOID SINUS 

/////// 

INTERNAL AUDITORY ARTERY 
DURA SURROUNDING INTERNAL 
AUDITORY MEATUS 



DURAL FLOOR POSTERIOR FOSSA 
POSTERIOR MENINGEAL ARTERY 
POSTERIOR- INFERIOR 
CEREBELLAR ARTERY 
VERTEBRAL ARTERY 
BASILAR artery 

OCCIPITAL SINUS 
Cll AND cm NERVES 



INTERNAL CAROTID ARTERY 
ANTERIOR cerebral ARTERY 
middle CEREBRAL ARTERY 
DURAL FLOOR ANTERIOR FOSSA 

cavernous sinus 

SAGITTAL SINUS AND 
TRIBUTAR/€S 
DISTENSION OF LATERAL 
“VENTRICLE 
TENTORIUM CEREBELLI 
SUPERIOR surface 
transverse sinus 
SUPERIOR SURFACE 
STRAIGHT SINUS 
TORCULAR HEROPHIH 


Fig. 1 — Summary of intracranial pain sensitive structures which may be 
the sources of headache in the various main divisions of the head. Chart is 
based upon data obtained at operative exposure of intracranial contents. 


and tenth cranial nerves and the upper three cervical nervesd® 

These facts of pain reference are illustrated on a chart (Fig. i) repre- 
senting the sites of intracranial disease which may account for headache 
in the various main divisions of the surface of the head.* The chart 
demonstrates the difficulties inherent in any attempt to use headache as a 
localizing sign of intracranial disease, since lesions of remotely separated 
structures within the skull may cause headache in identical areas. 

Organization of the data available from these studies has indicated 
six basic mechanisms of headache, involving distortion or inflammation 
of intracranial pain sensitive structures.^® 

1. Traction on the large venous sinuses or their tributaries from the 
surface of the brain. 

2. Traction on the middle meningeal artery. 

Eye and paranasal sinus diseases have been eliminated from consideration here. The role of these 
factors in headache is now being studied. 
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3. Traction on the large arteries at the base of the brain. 

4. Direct pressure upon the cranial and upper cervical nerves which 
carry pain fibers. 

5. Dilatation of intracranial arteries. 

6. Inflammation in or about any of the intracranial pain sensitive 
structures. 

It has been suggested that the first four of these six mechanisms may 
play a part in the headache associated with brain tumor/® 

A second fact important to an understanding of brain tumor heaT 
ache is that increased intracranial pressure is not essential to its produc- 
tion.^® Thus, elevation of the intracranial pressure in normal human 
subjects to levels as high as 5 10 mm. of saline by the intrathecal injection 
of normal saline consistently failed to cause headache. Evidence even 
more compelling that increased intracranial pressure and tumor head- 
ache are not closely related was obtained in the study of a man with a 
left parietal oligodendroglioma in whom bifrontal headache had been 
present intermittently for two months but happened to be absent at the 
time the following experiment was performed,^® By drainage of cerebro- 
spinal fluid with the patient horizontal, moderate headache, chiefly left 
frontal, was induced. The headache was then relieved at once by restora- 
tion of fluid and elevation of pressure to its initial level, and furthermore 
could not be produced by pressure elevation to a high level, 550 mm. of 
saline. (See also Northfield^® and Pickering.®®) 

/. Tumor Headache and Increased Intracranial Pressure not Essen- 
tially Related: 

In this series of seventy-two patients, the symptom headache oc- 
curred almost as commonly in those patients (19 of 23, or about 8/10) 
without increased intracranial pressure as it did in those (46 of 49, or 
about 9/10) with increased pressure. Moreover, of the seven patients 
(about i/io of all cases) who were headache-free, three had increased 
intracranial pressure. 

These data demonstrate that increased pressure per se is neither an 
essential nor a major factor in tumor headache. 

2. Tumor Headache in Patients avith Normal Intracranial Pressure— 
The Mechanism of Local Traction: 

Of the twenty-three patients with normal intracranial pressure, nine- 
teen had headache as a symptom. In all but three patients with hypo- 
physial adenoma, the existence and location of the headache could be 
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LEfT TtMPORAl. >.*ENlNGlOMA 
CH PLAQUC SWJLL 

IXSION CHRECTLy CVEfl-LAY 
THE GROOVE or THE 
MICCLE MENIHGCAL ARTERY 


2V1CS. 



SOURCE Of PAtN: 


LETT 

MtOOLC MENINGEAL 
ARTERY 


TUMOR headache 3 YRS 



LEFT SPHENOiClAL RIOCC fcCNlNOCWA IINTRACRANIAL PORTION! 
OiPECTLY AIX<ERENT TO 

INTERNAL CAROTID ARTERY _ 


TUMOR HEADACHE 6 WKS. 



LOCAL TRACTION HEADACHE IN PATIENTS WITH NORMAL INTRACRANIAL PRESSURE 


Fig. 2 — Five examples of patients with tumor headache produced by local 
traction. Intracranial pressure was normal in all. The structures which were 
the probable sources of the pain are listed in each case. 


explained by traction upon or distortion of directly neighboring pain 
sensitive structures, and in some at operation the headache was thus 
reproduced. These adjacent structures were: (i) for the four supra- 
tentorial meningiomas— the superior sagittal sinus and its tributaries, the 
middle meningeal artery and the large arteries at the base; (2) for the 
one glioma— the superior sagittal sinus and its tributaries; (3) for the 
three craniopharyngiomas— the large arteries at the base; (4) for the four 
hypophysial adenomas— the large arteries at the base and in one patient 
the lining of the sphenoid sinus; and (5) for the four cerebellopontile 
angle tumors— the internal auditory artery, the pontile arteries, the dura 
about the internal auditory meatus, and the transverse sinus. In Fig. 2 
are shown examples of this group. 

Another example of the headache produced by local traction may 
be cited (Fig. 3). A thirty-seven year old male with a trigeminal “neu- 
roma” in the right cerebellopontile angle and no evidence of increased 
intracranial pressure had had for four months three separate kinds of 
head discomfort. These, with the sites of origin of the symptoms, were: 
(i) right temporal “tightness”-fifth cranial nerve; (2) ‘“soreness” in the 
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^■^TIGHT SENSATION-" 

5TH NERVE 

^-'SORENESS" 

TRANSVERSE SINUS 
SUPERIOR SURFACE 
5TH NERVE 

• "PAIN AND TENDERNESS 
INTERNAL AUDITORY 
ARTERY 

PONTILE ARTERIES 
TRANSVERSE SINUS 
INFERIOR SURFACE 



HEADACHE WITH AN ANGLE TUMOR 


Fig. 3- — Demonstration of local traction headache mechanisms in an adult male 
with three separate types of head discomfort, due to a trigeminal “neuroma” 
in the right cerebellopontile angle. The intracranial pressure was normal. 


right eyeball, superior surface of the right transverse sinus and fifth 
cranial nerve; (3) pain and tenderness in the right postauricular area,’ 
right internal auditory and pontile arteries and inferior surface of the 
transverse sinus. 

This mechanism of tumor headache may be termed local traction. 
While independent of increase in intracranial pressure, it may well be 
augmented by generalized displacement of the brain associated with 
cerebrospinal fluid pressure rise. 

The three patients with hypophysial adenoma in whom local traction 
did not entirely account for the headache had pain in the occiput or 
subocciput in addition to frontotemporal headache. The pain in the 
back of the head in these three of the seven patients with hypophysial 
adenoma is unexplained. 

5. Tumor Headache in Patients avith Increased Intracranial Pressure 
—The Mechanis 7 )is of Local aaid Distant Traction: 

In less than one-half (18) of those patients (46) with headache and 
increased intracranial pressure could the locations of the headache be 
explained or the pain induced by local traction. Most of the remaining 
half of the patients had posterior head pain in association with supra- 
tentorial tumors and frontal headache in association with infratentorial 
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tumors. The following 
parado;!C. 


aiidiys 


A. DISTANT TRACTION THROUGH EXTENSIVE DISPLACEMENT OF THE BRAIN; 


Slightly less than one-half (14 of 32) of the patients with supra- 
tentorial tumor with headache had pain in the posterior half of the 
head— occipital, suboccipital or postauricular areas. In seven patients this 
pain was bilateral. In the seven in whom it was unilateral it was homo- 
lateral to the tumor in all but one. In each instance pain was also present 
in one or several other head regions. 

Headache so located in these patients could not be explained by 
local traction, for there is no evidence that any supratentorial structure 
can be the direct source of posterior head pain. Pressure downward upon 
the tentorium cerebelli from above has been shown experimentally to 
cause only fronto-orbital pain,'^® probably by traction upon the upper 
surfaces of the transverse sinuses. Such a mechanism, therefore, cannot 
be relevant to posterior head pain. It has been recognized, however, 
that when supratentorial lesions are large enough to cause generalized 
increase in pressure, there is often a widespread shift in the brain causing 
distortion of supra- and infratentorial structures. Thus, traction or pres- 
sure upon the transverse and occipital sinuses, the basilar and vertebral 
arteries, the ninth and tenth cranial and upper cervical nerves is prob- 
ably a common occurrence. However, with supratentorial tumor the 
extent of such distortion in the posterior fossa is much less and the estab- 
lishment of a “cerebellar pressure cone” is less likely than in patients 
with infratentorial tumor. 

Herniation of the hippocampal gyri through the incisura tentorii 
may also be responsible for posterior head pain from supratentorial 
tumors. In a recent review of autopsied cases of supratentorial neoplasms 
such a complication was found in about 8/10 of the series."^ The dis- 
tortion produced by this “temporal pressure cone” has been shown to 
affect not only the hippocampal gyri but also the adjacent brain stem, 
and presumably the basilar artery and its branches. This mechanism must 
be considered to be of minor importance as regards the present problem, 
for in the autopsied series reported, posterior head pain was no more 
common in the patients with such herniation than in those, without it. 

In brief, posterior head pain in patients with supratentorial tumor 
appears to depend upon expansion of the mass to such an extent that 
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B. LOCAL AND DISTANT TRACTION HEADACHES 


PATIENTS WITH INCREASED INTRACRANIAL PRESSURE 


Fig. 4 — Local and distant traction mechanisms in tumor headache contrasted 
in two patients with increased intracranial pressure. In A the headache 
was due to local traction alone j in B the frontal headache was due to local 
traction, tlie occipital headache to distant traction. 


coincident with generalized rise in intracranial pressure, traction is pro- 
duced upon pain sensitive structures in the distant posterior fossa, by 
displacement of the whole brain. In contrast to local traction this may 
be conveniently termed distant traction and may be considered as a 
second mechanism of brain tumor headache. It is evident that in exten- 
sive shift of the brain, traction effected at a distance from the tumor 
may involve structures on the same side as the tumor or both sides. The 
data indicate that both situations are common. 

Two cases of supratentorial tumor with increased pressure are illus- 
trated in Fig. 4A and B. In A, a patient with a left parietal glioblastoma 
multiforme and moderate papilledema, the left frontal headache was due 
to traction locally by the mass upon the superior sagittal sinus and its 
tributaries on the left. The ventriculogram is reproduced in outline to 
emphasize the type of distortion which was present. In B, a patient with 
a right frontal ganglioneuroma and advanced papilledema, the frontal 
headache was similar in its mechanism to that of A. The occipital head- 
ache represented distant traction upon structures in the posterior fossa, 
secondary to widespread displacement of the brain. 
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DISTANT TRACTION VIA INTERNAL HYDROCEPHALUS AND CEREBELLAR "PRESSURE CONE" 


Fig. 5 — Demonstration of distant traction headache produced by a small 
astrocytoma in the roof of the aqueduct. The frontal headache was due to 
internal hydrocephalus, the occipital headache to distortion of posterior 
fossa structures by wedging of the cerebellum into the foramen magnum. 


B. DISTANT TRACTION THROUGH INTERNAL HYDROCEPHALUS: 

Frontal headache was a symptom in two-thirds (lo of 14) of the 
patients with infratentorial tumor and increased intracranial pressure, 
all of whom had headache. This fact likewise required explanation in 
terms other than local traction by the tumor. Analysis revealed that 9 
of the 10 with frontal headache, comprising z angle tumors and 7 cere- 
bellar or fourth ventricle tumors, were complicated by block to the 
cerebrospinal fluid outflow at the aqueduct or the fourth ventricle and 
had internal hydrocephalus with increase in intracranial pressure. The 
frontal headache was bilateral in all but one patient. 

The association of internal hydrocephalus with frontal headache in 
patients with infratentorial tumor has been noted by others.^-® Direct 
evidence that the hydrocephalus is causally related to the headache has 
been provided by the demonstration that distention of one lateral ven- 
tricle with a balloon at operation induces homolateral frontal headache^® 
by traction upon the veins over the convexity of the brain anchoring it 
to the superior sagittal sinus. Experimental distention of the third ven- 
tricle has been found to cause diffuse headache arising from traction 
upon the many large vessels at the base. There is further evidence that 
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significant distortion of adjacent structure at the base is produced by- 
enlargement of the third ventricle in internal hydrocephalus, for in such 
patients a visual field defect indicative of chiasmal pressure has often 
been found."“ The usual bilaterality of the frontal headache in these pa- 
tients may therefore be understood. 

Hence, frontal headache of this kind is like the posterior head pain 
discussed in the previous section in that it is produced by traction at a 
distance from the tumor. 

An example of a small tumor producing headache entirely by distant 
traction is outlined in Fig. 5. A sixteen year old male had intermittent 
bifrontal and bioccipital headache for five years. On admission moderate 
papilledema was noted. The ventriculograms showed advanced dilata- 
tion' of the third and lateral ventricles. Exploration confirmed the pres- 
ence of internal hy'-drocephalus. The foramina of Monroe were widely 
stretched, the largest diameter of the left opening measuring 2.5 cm. 
Moreover, as seen in a second exploration, the tonsils of the cerebellum 
were herniated in part into the foramen magnum. No tumor could be 
found, but autopsy revealed a small fibrillary astrocytoma of the cor- 
pora quadrigemina occluding the aqueduct of Sylvius. The frontal head- 
ache was due to distention of the lateral, and possibly the third, ven- 
tricles. The occipital headache was due to traction upon the basilar 
artery, the occipital sinus, the ninth and tenth cranial nerves and upper 
cervical roots by the wedging of the cerebellum down into the foramen 
magnum. The site of origin and the location of both frontal and occipi- 
tal headaches were remote from the tumor itself. 

C. TUMOR HEAn.-VCHE UNEXPLAINED BY LOCAL OR DISTANT TRACTION: 

In two patients with increased intracranial pressure the headache 
could not clearly be related to these mechanisms. One, a twenty-four 
■year old female, had a left temporal headache for five months. She had 
a right acoustic “neuroma,” increased intracranial pre.ssure and internal 
hydrocephalus. 

The other, a forty-four year old female, had right occipital headache 
for six months. She had a left cerebellar hemangioblastoma, increased 
intracranial pressure and internal hydrocephalus. 

Headache in this pattern, sparing the homolateral side but involving 
the contralateral side, appears bizarre. The direction and distribution of 
the stress and strain in these two cases is conjectural and the factors 
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HEADACHE MECHANISMS IN BRAIN TUMOR 
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Fig. 6 — Schematic outline summarizing common mechanisms of brain tumor 
lieaclache. 


which make them atypical are not apparent. There is no evidence, how- 
ever, that mechanisms other than traction upon pain sensitive structures 
are involved. 

Thus, in forty-four of the forty-six patients with headache and in- 
creased intracranial pressure the existence and location of the headache 
could be accounted for on the basis of the mechanisms thus far outlined. 
In many (18) local traction alone appeared to be responsible. In a few 
(4) traction at a distance alone was responsible, either through displace- 
ment of posterior fossa structures in patients with supratentorial tumors 
or through internal hydrocephalus in patients with infratentorial tumors, 
but, in the largest group (22) both local and distant traction were con- 
cerned. In 2 patients the headache could not be clearly explained by 
either mechanism. 

It is to be emphasized that the association of increased intracranial 
pressure with headache due to distant traction does not justify the infer- 
ence that increased intracranial pressure of itself causes headache. It 
indicates rather that the same factors which bring about distant traction, 
that is, extensive displacement of the brain directly by the tumor or 
indirectly by internal hydrocephalus, will also cause generalized eleva- 
tion of intracranial pressure. (See Fig. 6.) 

4. Contimious vs. Intennittent Headache with Brain Tumor: 

As mentioned above, the headache of brain tumor is usually inter- 
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mictenr. In this series continuous headache was noted in only seven 
cases or about a tenth of the patients (all with supratentorial tumor). 
Four of these had increased intracranial pressure. Local traction appeared 
to be the mechanism in all seven cases. The persistence of the headache 
in these cases is not surprising, for it is reasonable to expect local traction 
to be continuous, and in fact progressive, if the tumor growth is mod- 
erately rapid. There is no explanation of the intermittency of the head- 
ache that will apply to all the remaining large group of patients. In 
some, intermittent block to cerebrospinal fluid outflow either because 
of varying states of brain hydration or by movable tumors in the 4th 
or 3rd ventricles appears to have been responsible. In others the increase 
in intracranial venous pressure with straining and coughing might have 
been the basis for occasional headache. 

5. Patients 'with Brain Tumor 'without Headache: 

Seven patients, or about a tenth of the entire series, had no headache 
in association with their lesions. The tumors represented were all supra- 
tentorial; in three of the seven increased intracranial pressure was present. 

Associated with increased intracranial pressure and without head- 
aches were: 


Tumor Type Site 

Meningioma left parasagittal parietal 

Glioblastoma multiforme right frontocallosal 

Glioblastoma multiforme left frontal (subcortical) 

Associated with normal intracranial pressure and without headaches 
were: 


Tumor Type 
Meningioma 
Oligodendroglioma 
Oligodendroglioma 
Craniopharyngioma 


Site 

right frontotemporal (invading the skull) 
left frontotemporal 
right temporoparietal 

suprasellar (sella and dorsum destroyed) 


Review of these patients disclosed that the only characteristic com- 
mon to all was a supratentorial location of the tumor. 

The absence of headache in patients with brain tumor may be related 
to the slow growth of the neoplasm. Thus five of the above seven pa 
tients had lesions which are notably slow in expanding, i.e., meningioma, 
craniopharyngioma and oligodendroglioma. Moreover, in one of the two 
patients who were headache-free wkh glioblastoma multiforme, or 1- 
narily a rapidly growing neoplasm, the clinical course indicated unusu 
ally slow growth of the tumor. When expansion of the tumor mass is 
slow, mechanical adaptation of adjacent strucmres may be sufficient to 
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prevent pain production. This may represent the return of distorted 
pain endings to normal contour even though gross distortion of the tis- 
sues in which the pain endings are embedded persists. When the pace of 
growth is fast, such adaptation may be inadequate.®- 

It may be noted that in contrast to tumors above the tentorium, pos- 
terior fossa tumors, whatever their rate of growth, rarely fail to cause 
headache, undoubtedly because many of these lesions cause internal 
hydrocephalus.®’® In consideration of headache the speed of growth of 
the posterior fossa tumor is less significant since it bears no direct rela- 
tion to the completeness of occlusion of the iter or the fourth ventricle. 
A block once induced results in a relatively sudden displacement of the 
brain and stimulation of local and distant pain sensitive structures. 

Serious sensorial defects produced by the tumor, particularly with 
frontal lobe lesions, may be a second cause for absence of headache. For 
example, in the second of the two patients with glioblastoma multiforme 
without headache, listed in the table above, the tumor was in the right 
frontocallosal region and apathy and confusion were early and dramatic 
symptoms. Under such circumstances, gross defects in reaction to pain 
may veil or completely mask headache. 

Invasion of the skull by meningiomas may be still a third factor in 
preventing or delaying headache. The bone of the skull is insensitive and 
extension in this direction may take the place of greater intracranial 
expansion toward pain sensitive structures. 

6 . Consideration of Other Suggested Mechanisms. 

In these formulations distortion of pain sensitive structures has been 
described as the chief basis for brain tumor headache. Factors other than 
traction have been suggested by others but not established as relevant 
mechanisms. Dilatation of intracranial veins and arteries, which occurs 
secondary to generalized increase in intracranial pressure, may con- 
ceivably be a cause of headache.^®’ Such vasodilatation must, however, 
be of minor importance as a cause of headache in patients with tumor 
since it has been shown in this discussion that increased intracranial 
pressure is not essential to the headache, and the pain in these patients is 
usually localized rather than diffusely distributed as it should be if gen- 
eralized dilatation of intracranial vessels were the cause. Stretch of the 
dura mater over the convexities of the cerebrum and cerebellum by the 
rise in intracranial pressure is also probably not a significant mechanism, 
because the dura and pia in these areas are insensitive. 


414 


THE BULLETIN 



TUMOB HCADACHC AS A MISLCAOIMG SICM IN PATICNTS W[TH INCRCASCD INTRACRANIAL PflCSSUHi: 


Fig. 7 — Demonstration of headache as a grossly misleading sign of the 
location of brain tumor when it is due to distant traction. Extensive dis- 
placement of the brain and increased intracranial pressure were present in 
all three patients. 


III. Headache in the Localization of Brain Tumor 

A. LIMITATIONS OF HEADACHE AS A LOCALIZING SIGN: 

I. Headache in Association avith Increased Intracranial Pressure of 
Limited Localizing Value: 

In the preceding section it was noted that headache in patients with 
normal intracranial pressure could, with rare exceptions, be explained 
entirely in terms of local traction. Of patients with increased intracranial 
pressure in only eighteen of forty-sLx, or about 4/10,. was local traction 
solely responsible; in the remaining rwenty-six distant traction was an 
accessory or the chief mechanism. 

When distant traction is involved the problem of localization of 
the tumor is complicated, for with this mechanism distortion of bilateral 
pain sensitive structures is common, and the site of the expanding mass 
is often concealed. It is evident, therefore, that in the presence of in- 
creased intracranial pressure, which in patients with brain tumor is 
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DIVERSi: TUMORS WITH rRONTO-OCCIPiTAL HEAOACHE 

Fig. 8 — Demonstration of fronto-occipital headache occurring with tumors 
of widely varying types and locations and therefore of no localizing value. 
E.xtensive displacement of the brain and increased intracranial pressure were 
pre.sent in all. 


presumptive evidence of e.xrensive displacement of the brain, the local- 
izing value of tumor headache becomes reduced. Examples of patients 
with headache as a misleading sign when secondary to distant traction 
are shown in Fig. 7. 

2. Fronto-occipital Headache of No Localizing Value: 

The combination of frontal and occipital headache was noted in 
one-quarter of all the patients with headache. The group with fronto- 
occipital headache included patients with meningioma, cerebral glioma, 
third ventricle cyst, hypophysial adenoma, cerebellopontile angle and 
cerebellar and fourth ventricle tumors. Except for the two instances of 
hypophysial adenomas, all Mere accompanied by increased intracranial 
pressure. Internal hydrocephalus M'as present with only one of the 
supratentorial tumors, the 3rd ventricle cyst, but was present with all 
five infratentorial tumors. 

The data indicated that fronto-occipital headache occurred almost 
as frequently ndth supratentorial rumors as -with those below the ten- 
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torium. Moreover, they showed conclusively that the fronto-occipital 
headache combination cannot be considered diagnostic of internal hydro- 
cephalus in patients with brain tumor. It is of additional interest that 
except for the hypophysial adenomas all of the patients with headache 
of this pattern had increased intracranial pressure. 

Four typical instances of brain tumor of contrasting types and loca- 
tion, all presenting fronto-occipital headache, are outlined in Fig. 8. 

5. Headache Over the V enex—lnpeqiie7it and of Little Localizmg 
Value: 

Headache over the vertex was noted infrequently in this series. In 
only three patients was the headache in the vertex alone; these were a 
mid-line olfactory groove meningioma, a craniopharyngioma and an 
eosinophilic hypophysial adenoma. In the first two the intracranial pres- 
sure was elevated. In two other patients headache was vertical in part 
but not predominantly; the tumors found were a parasagittal parietal 
meningioma and a mid-line cerebellar astrocytoma, both with increased 
pressure. 

4. Headache from Mid-line Tumors Not Always Bilateral: 

Twenty-three mid-line tumors with headache were included in this 
series. In seventeen patients the headache was symmetrically bilateral, 
eleven having increased intracranial pressure. In six the headache was 
entirely or predominantly unilateral; none of these had increased intra- 
cranial pressure. 

Local traction apparently was the mechanism for the headache when 
it was unilateral. The inequality of the distortion produced may have 
been due to unrecognized asymmetrical expansion of the growing tumor. 
Whatever the explanation, it is clear that unilateral headache may occur 
with mid-line tumors. 

B. THE ASSETS OF HEADACHE AS A LOCALIZING SIGN: 

The limitations of headache having thus been considered, its value 
may now be appraised, 

/. Headache Near or Overlying the Tzimor: 

Headache to be of service as a localizing sign of brain tumor must 
be interpreted in terms of the headache mechanisms and principles of 
pain reference just outlined. Only when tumor headache is caused solely 
by local traction is it of direct value in localization. Even then the head- 
ache may not overly the tumor, for in about 4/10 of the patients with 
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headache due only to local traction the pain was not immediately over 
the tumor. In the following analysis certain tumors located at the base 
and anteriorly were not included since obviously they could not pro- 
duce headache near to or directly overlying the tumor, other than in 
the nasopharynx. These lesions were the craniopharyngiomas, hypo- 
physial adenomas, a suprasellar meningioma, and a third ventricle cyst. 
The evidence in summary, based on the remaining 22 patients with 
local traction headache, was as follows: 

Headache ‘was near to or 
overlying the Tumor 


Supratentorial Tumors 

Meningioma : 3 of 6 

Glioma -i of 9 

Infratentorial Tumors 

Cerebellopontile angle tumors 4. of 4 

Cerebellar and 4th ventricle tumors 2 of 3 


13 of 22 

When the analysis was broadened to include all the patients (again 
excluding the tumors at the base) headache was found to overly the 
tumor in only nineteen of fifty-one, or about one-third. 

Headache as First Symptom of Brain Tumor: 

With the exception of the cerebellopontile angle tumors, the pres- 
ence of most of the posterior fossa tumors first was made manifest by 
headache. The tumors above the tentorium, on the other hand, were 
more likely first to cause other symptoms, as visual disturbances, pares- 
thesias, convulsions, sensorial and personality changes. Other authors 
have reported similar observations.*- Northfield’s figures^* based upon 
a series of loo cases are presented in brackets for comparison with the 
data of this New York Hospital series. Headache as first symptom of 
brain rumor; 


In 54 case.s of supratentorial tumor 


Meningioma 5 of 15 

Glioma 11 of 22 

3rd ventricle tumors 1 of 2 

Hypophysial adenoma 1 of 8 

Craniopharyngioma 2 of 7 


N'orthfieId“ 
[36 per cent] 
[36 per cent] 


20 of 54 or about one-third 

In IS coses of infratentorial tumor 

Cerebellopontile angle tumors 1 of 7 [0] 

Cerebellar and 4tli ventricle tumors 9 of 11 [S3 per cent] 

10 of 18 

The usual occurrence of headache as first symptom in patients with 
cerebellar or fourth ventricle tumors is related to the fact that internal 
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hydrocephalus can easily result from such lesions. Angle tumors, how- 
ever, -are less frequently associated with internal hydrocephalus in the 
early stages and are directly adjacent to the several cranial nerves which 
traverse the angle region, potential sources of such symptoms as facial 
paresthesias, deafness, tinnitus, or weakness of face or jaw. Whether or 
not supratentorial tumors cause focal symptoms or signs before headache 
appears depends upon the region of the brain involved. 

5. The Sigttipccmce of Headache in the Back of the Head and Neck 
with Brain Tumor: 

Pain in the back of the head-occipital, or postauricular or suboc- 
cipital areas— was present alone or in part in one-half of the patients.* 
As described in a preceding section, such pain was present in seventeen 
of the forty-seven patients with supratentorial tumor with headache. In 
each of these, headache was present also in one or several other areas 
on the anterior half of the head. Except for the patients with hypophysial 
adenoma, headache in all was accompanied by increased intracranial 
pressure. 

In contrast, pain in the back of the head was present in almost all 
of the patients with infratentorial tumor. Of the eighteen patients six- 
teen or almost 9/10 had posterior headache. The two without such 
headache had respectively an acoustic “neuroma” and a cerebellar astro- 
cytoma, both accompanied by increased intracranial pressure. 

It seems generally true, therefore, that occipital, suboccipital or. 
postauricular pain did not of itself identify a tumor as being above or 
below the tentorium. On the other hand, the evidence did indicate that 
when posterior headache was absent the tumor was rarely infratentorial. 

4. The Significance of Headache in the Front of the Head with 
Brain T umor: 

Frontal headache with brain tumor in this series was even more com- 
mon than was pain in the back of the head. In 6/10 of all patients with 
headache, frontal headache was present, alone or with headaches else- 
where. In contrast to pain in or near the occiput, frontal headache was 
noted somewhat more often in association with supratenrorial tumors 
(32 of the 47 with headache or about 7/10) than with infratentoria 

tumors (10 of 18 or about one-half). 

Pain solely frontal was noted in eleven of the forty-seven cases 0 
supratentorial tumor with headache but in only two of the eighteen 

*~Fo7tlie sake of brevity pain of this type will be referred to hereafter as posterior headache. 
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cases with infratentorial tumor or headache. 

The predominance of frontal headache is not surprising in view of 
the diverse ways, direct and indirect, in which brain tumor may produce 
pain referred to the frontal areas. But from the data it may be inferred 
that although frontal headache was common in all types and locations 
of tumor, the pain when solely frontal was usually due to supratentorial 
tumor. 

). The Significance of Unilateral Headache: 

It has been shown above that mid-line tumors may cause unilateral 
headache, probably because of asymmetrical e.xpansion of the mass. 
Further data concernins: the sisrnificance of unilateral headache were 
derived from an analysis of the forty-two remaining patients with head- 
ache and tumor nor in the mid-line. The headache patterns were as 


follows: 

Hciidache lioniolateral to tlie tumor St 

Headache contralateral to the tumor ... 5 

. • Headache sraimetrically bilateral 13 


All five patients with headache contralateral to the tumor had increased 
intracranial pressure. In three of these five the contralaterality of the 
licadache was the result of distant traction. 

It is evident that headache chiefly on one side of the head was com-' 
mon in these patients, and that in most cases the headache was on the 
.same side as the tumor (See also Pickering-*’). Contralateral headache 
may have resulted from the presence of anatomical asymmetries in the 
brain or skull such as the size or position of the lateral or third ventricles, 
.or the relative position of the cerebellum, brain stem and anchoring 
structures in the posterior fossa. In none of the patients with normal 
intracranial pressure was contralateral headache noted. The important 
inference from these considerations is that headache solely or chieflv 
unilateral is probably on the same side as the tumor when the intra- 
cranial pressure is normal. 

C. \ AIUOUS TYPE.S OK TU.MORS I.V REL.ATIOX TO HEAD.ACHE: 

Among patients with craniopharyngiomas, headache as an initial 
symptom was rare and its location unpredictable. The hypophysial 
adenomas also rarely produced headache as an initial symptom, and 
the site of the headache presented nothing of specific or helpful value. 

Among most of the patients with headache due to cerebellopontile 
angle tumors the headache was a leading clue in the localization of the 
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lesion, although headache did not occur as an early symptom. Headache 
solely, in the postauricular area was almost specific, especially before 
gross displacement of the brain occurred. 

Among patients with meningiomas (all but one being supratentorial), 
headache was a first symptom in one-third. In about one-half of the 
fourteen patients with headache the headache was predominantiy uni- 
lateral and on the same side as the tumor, and in all but two of the 
fourteen cases the headache was due to local traction. It might be ex- 
pected that situated as the meningiomas are, in contact with pain sensi- 
tive structures at the base and over the convexities, that headache as an 
initial symptom might occur in a higher proportion than the one-third 
indicated. It is probable, however, that the slow growth and bone in- 
vasion offset the effects of proximity to pain sensitive vascular structures. 

Gliomas, despite their lack of direct contact with pain sensitive struc- 
tures, presented headache as a first symptom in one-half of the patients 
when they occurred above the tentorium and even more frequently 
when they occurred below. Such tumors produced headaches as an 
early manifestation probably because of their speed of growth and 
the likelihood of their occluding the lateral, third, and fourth ventricles. 

D. GENERALIZATION: 

From these studies the following generalizations concerning brain 
rumor headache as an aid to localization seem justified, 

z. Although the headache of brain tumor is often referred from a 
distant intracranial source, it approximately overlies the tumor in about 
one-third of all patients. 

2. Brain tumor headache in the absence of papilledema is of great 
localizing value. In about two-thirds of such patients the headache imme- 
diately overlies or is near the tumor and in all when unilateral it is on 
the same side as the tumor. 

3. Headache is almost always present with posterior fossa tumor. 

4. Headache may be absent with any of the common types of supra- 
tentorial tumor. 

5. The headache of posterior fossa tumor is almost always over the 
back of the head, although it may occur elsewhere as well, 

6. Headache is usually the first symptom of posterior fossa tumor 

except with cerebellopontile angle tumors. - 

7. Headache is the first symptom of one-third of supratentoria 
tumors. 
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8. The headache of cerebellopontile angle tumors is frequently and 
sometimes solely postauricular. 

9. Headache from supratentorial tumors is rarely in the back of 
the head unless associated with papilledema. 

10. When supratentorial tumors cause headache in the back of the 
head, headache in the front of the head is usually also present. 

1 1. When headache is both frontal and occipital it indicates e.xten- 
sive displacement of the brain and has little localizing value. 

12. Brain tumor headache is commonly intermittent but when it is 
continuous its value in localization is greatly enhanced. 

Conclusions 

1. Brain tumor headache is produced by traction upon intracranial 
pain sensitive structures, chiefly the large arteries', veins and venous 
sinuses, and certain cranial nerx^es. There are two types of traction which 
operate singly or in combination: local traction by the tumor mass upon 
adjacent structures; and distant traction by e.xtensive displacement of 
the brain, either directly by the tumor or indirectly by ventricular ob- 
struction (internal hydrocephalus). 

2. As an aid in the localization of brain tumor, the value of head- 
ache is limited by two facts: the headache may be remote from the site 
of its production, and the site of production of the headache may be 
remote from the tumor. 

3. In spite of these limitations, when it is interpreted in terms of 
known principles of intracranial pain production and pain reference, the 
headache of brain tumor may aid significantly in the diagnosis and local- 
ization of the lesion. 
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PROCEEDINGS OF ACADEMY MEETINGS 


STATED MEETINGS 

Februaky 5~The Nexa York Academy of 
Medicine. Executive session — Reading 
of the minutes. ^ Papers of the evening 
• — Scientific frogram in conjunction with 
the New York Tuberculosis and Health 
Association — Recent de’t^elopments in 
the treatment of pulmonary tuberculosis 
—a] Physiological considerations, Dick- 
inson W. Richards, Jr., Associate Pro- 
fessor of Clinical Medicine, College of 
Physicians and Surgeons, Columbia Uni- 
versity; b] Surgical treatment, Frank 
B. Berry, Assistant Clinical Professor 
of Surger}’, College of Physicians and 
Surgeons, Columbia University. Re- 
port on election of Fellows. ^Report on 
election of trustee. 

Peuhuary 19 — The Harvey Society (in affili- 
ation with The New York Academy of 
Medicine). The Fifth Harvey Lecture, 
“Marijuana,” Roger Adams, Professor 
of Chemistr}', University of Illinois. 

March 5 — The New York Academy of Med- 
icine. Executive session — a] Reading of 
the minutes; b] Report of Nominating 
Committee. ^ Papers of the evening — 
Headaches— a] General considerations, 
Harold G. Wolff, Associate Professor 
of Medicine, Cornell University Med- 
ical College; b] Clinical varieties and 
their treatment, Bayard T. Horton, As- 
sociate Professor of Medicine, Mayo 
Foundation. If Report on election of 
Fellows, Honorary Fellow and Corre- 
sponding Fellow. 

March 19 — The Harvey Society (in affilia- 
tion with The New York Academy of 
Medicine). The Sixth Harvey Lecture, 
“Physiologic Studies Pertaining to Avi- 
ation Medicine and Deep Sea Diving,” 
Albert R. Behnke, Lieutenant Com- 
mander, Medical Corps, U. S. Navy, 
Instructor in charge of Department of 
Atmospheric Hygiene, Navy Yard. 


SECTION MEETINGS 

February 3 Dermatology and Syphilology, 
Presentation of cases— From the Diag- 
nostic and Treatment Centers, Bureau 
of Social Hygiene of the New York City 
Department of Health; and Cooperative 
Clinics, ff Discussion, fj Executive ses- 
sion. 

February 6— Surgery. Reading of the min- 
utes. If Papers of the evening— a] The 
method of measuring the electrical po- 
tential difference across the gastric 
membranes and its clinical significance 
(lantern slides), Edmund N. Goodman 
(by invitation) ; b] The circulation of 
the spleen in relation to spherocytic 
jaundice (lantern slides), Allen 0. 
Whipple; c] Cardio-pulmonary func- 
tional tests in surgery, Herbert C. Maier, 
Andre Cournand (by invitation), ff Gen- 
eral discussion, ff Executive session, 

February 10 — Neurology and Psychiatry. 
Reading of the minutes, ff Presentation 
of cases — From the service of The Jit. 
Sinai Hospital, Israel S. Wechsler; Dis- 
cussion, Sidney Gross. ffPapers of tlie 
evening — a] The aims and limitations of 
aptitude testing, Samuel P. Horton, 
Ph.D. (by invitation) ; Discussion by 
Gladys Tallman, Ph.D., Robert B. Mc- 
Gr.aw; b] Classification, diagnosis and 
treatment of spinal arachnoiditis, J- 
Lawrence Pool (by invitation) ; Discus- 
sion by Lewis D. Stevenson, Clement B. 
Masson, Charles Davison, f Executhe 
session. 

February 10— Joint Sciexitific Session Section 
of Pediatrics and the New York Head 
Association (Heart Committee of tbc 
New York Tuberculosis and Health 
Association. Papers of the evening ^'1 
Prevention of rheumatic recurrences: a 
discussion of various measures now e 
ing used, Ann G. Kuttner (by invita- 
tion), Medical Director, Irvington 
House; b] Twenty-years observation <> 



J U N' E 1942 


4-5 


fliililrcn will) rlicuiii.'itic licart (lisc;isc 
following convalescent care, Alexander 
Martin; c] Coagency in the approach 
to the problem of rheumatic heart dis- 
ease, Edward S. Rogers {by invitation). 
Assistant Commissioner, Department of 
I lealth. State of Xcw York, {i Di.sciis- 
sion, Homer K. Swift, Katherine G. 
Dodge. 

Femii-.viiv 10 — Ophllialmolo^i/. Instruction 
Hour: 7:00 to 8:00 o’clock — Conjunc- 
tivitis, Alson Dralcy (by invitation). 
(I Executive session — Reading of the 
minnte.s. ^ Presentation of cases — 

a] Recession of the trochlea for cyclo- 
Iropia (two eases), Donald AV. Bogart; 

b] A ease of a tumor of the iris root, 
E. M. Katzin; c] A ease of lacerated lid 
with coloboma — plastic repair, Rudolf 
Aebli. (J Papers of the evening — a] The 
relation of field contraction to blood 
pre.ssurc in eases of chronic primary 
glaucoma, Algernon B. Reese, John S. 
McGavic (by invitation) ; b] Virus dis- 
eases in ojihthalmology. Phillips Thyge- 
.son; Discussion, I. Givner. 

I'aaiiiMBV 17 — Joint Meeting Section of 
Medicine and the A'cto York Society of 
Tropical Medicine. Papers of the eve- 
ning — a] Florence Nightingale and trop- 
ical and military medicine, Thomas T. 
Mackie, A'isiting Physician, Roosevelt 
Hospital; b]Tropical medicine in United 
.States military history, Henry E. Mc- 
leny, Hermann M. Biggs Professor of 
Preventive Medicine, New York Univer- 
.■"ity; cj Typhus fever, John S. Snyder, 
Rockefeller Institute, 'T Executive sc.s- 
sion of the section. 

l'iaiur.\HV IS — Genito-L'rinarif Surycru- 
Re.iding of the minutes. Papers of 
the evening — a] Certain a.spects of peri- 
nephritie infections (lantern .slides), A. 
R.iyuuiiul Stevens; b] .\neury.-.m of renal 
artery. C, G. Child (by invitation); c) 
Secondary hyj>erj)hn.i.i of a parathyroid 
in rcn.il insudiciency (report of .1 case), 
Allister .^UTa;llan. Irvin Baicn.sweig; d) 
]»ossible relationship of lymphogr.-inu- 
loma .ind cystitis, Victor F. Marshall 


(by invitation) ; c] Occurrence and 
treatment of neurogenic bladder follow- 
ing resection of the rectum, Harmon J. 
Trua.x (by invitation) ; f] The treat- 
ment of prostatic cancers with endocrine 
therapy, Archie Dean; g] Relief of blad- 
der neck and prostatic obstruction by 
transurethral resection, Frederick Mc- 
Lcllan (by invitation); h] Causes of un- 
satisfactory end-results following ade- 
quate prostatectomy, Gustavus A. Hum- 
phreys (by invitation); i] Movie films 
demonstrating the physiology of sper- 
matozoa, Robert Flotchki.ss (by invita- 
tion). (T Discussion. 

FfunCAnY IS — Otolaryngoloijy. Reading of 
the minutes, tj Paper of the evening — 
Recent developments in chemotherapy, 
William D. Province (by invitation); 
Discussion by James G. Dwyer, J. "Win- 
ston Fowler, .Mervin C. Myerson, zVrthur 
Palmer. (J General discussion. Execu- 
tive se.ssion. 

FKunUABY 20 — Orthopedic Surgery. Reading 
of the minutes, (f Presentation of case 
report — .■). case of static progressive 
spondylolisthesis, Nicholas S. Ransohoff. 
1J Papers of the evening — a] Double 
clothes-pin graft of the spine in spon- 
dylolisthesis and where laminar defects 
e.xist, David M. Bosworth; bj Traumatic 
spondylolisthesis, a report of three un- 
usual cases in adults, Samuel Klcinberg, 
-Michael S. Burman (by invitation). 
)) Discu.ssion, Mather Cleveland. Gen- 
eral di.scussion, ([ Executive session, 
(i Honor guest and speaker. Dr. Luthero 
Vargas, Brazilian orthopedist and son 
of the President of Brazil, addressed the 
Section on “Centro Medico Pedigogico, 
O.swaldo Cruz, of Rio de Janeiro.” 

FEuac.vRY 21 — Obstetrics and Gynecology — 
Program presented by Sloanc Hospital 
for "Women. E.xecutive session — Read- 
ing of Uie minutes, (j Papers of the 
evening — a] Local apjilication of estro- 
gens in treatment of pruritus vulvae, 
Charles Lee Buxton (by invitation) ; 
bJ Use of .^Iitle^-Abbot tube in ob- 
stetrics and gynecology, W. E, Pollard 
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(by invitation) ; c] Anatomical changes 
following radiation for carcinoma of- 
the corpus uteri, James A. Corscaclen; 
d] Mechanisms for face and brow pres- 
entations, D. Anthony D’Esopo (by in- 
vitation). ^ General discussion. 

March 3 — Dermatology and Syphilology. 
Presentation of cases — a] City Hospi- 
tal; b] New York Pol}'clinic Medical 
School and Hospital; c] Metropolitan 
Hospital, (f Discussion. Executive ses- 
sion, appointment of Nominating Com- 
mittee. 

March 6 — Combined Meeting: Medicine and 
Surgery. Reading of the minutes. 
([Papers of the evening — a] The treat- 
ment of chronic arthritis with special 
reference to the use of gold salts in 
rheumatoid arthritis, Martin Henry 
Dawson; b] Surgical procedures found 
useful in treatment of rheumatoid ar-. 
thritis (motion pictures), M. N. Smith- 
Petersen (by invitation) ; c] The treat- 
ment of Marie-Strumpell arthritis of the 
spine, William Sheppard (by invita- 
tion) . ([ General discussion, f Execu- 

tive session, appointment of Nominating 

, Committee for each Section. 

March 10 — Combined Meeting; Neurology 
and Psychiatry and the Neto York Neu- 
rological Society. ([ Presentation of case 
— Paraphenylendiamine poisoning and 
tlie central nervous system, Chai'les Da- 
vison; Discussion by Moses Keschner. 
f Papers of the evening — a] The de- 
velopment of neurological surgery in 
New York City during the past twenty- 
five years — with remarks on the ad- 
vances due to experiences in the first 
AVorld War (illustrated by lantern 
slides), Charles A. Elsberg; b] Neuro- 
psychiatric problems in burn encepha- 
lopathies of childhood, Lauretta Bender; 
Discussion by Morris B. Bender. ([Ex- 
ecutive session of the Section — a] Read- 
ing of the minutes; b] Appointment of 
Nominating Ccmmittee. 

March 11 — Historical and Cultural Medi- 
cine. ([Executive- session — Nomination 


of Section Officers and one member of 
Advisory Committee. ([ Papers of the 
evening — a] The early history of au.s- 
cultation and the stethoscope, Walter B. 
Mount; b] Selections from the Wolfe 
Collection of illustrations of noted men, 
Wardner D. Ayer (by invitation). ([ Dis- 
cussion. 

March 12 — Pediatrics. ([ Executive session 
— a] Reading of the minutes; b] Ap- 
pointment of Nominating Committee. 
([ Papers of the evening — a] The man- 
agement of acute obstructive lar 3 ’ngo- 
tracheobronchitis from the pediatric 
standpoint, A. Harry Neffson (by invi- 
tation) ; b] The treatment of pertussis, 
Lewis Jacobs (by invitation); c] The 
early management of poliomyelitis with 
an evaluation of the Sister Kenny 
Treatment, Mary M. I. Daly (by invi- 
tation), Jerome Greenbaum (by invi- 
tation), Edward Reilly (by invitation), 
Alvah Weiss (by invitation). 

March 16 — Ophthalmology. ([ Instruction 
Hour: 7:00 to 8:00 o’clock; The use of 
the Cross Cylinder, Willis Knigiiton. 
([ Exhibit^ — Types of strabismus, James 
AV. White, Harold W. Brown. ([ Execu- 
tive session — a] Reading of the minutes; 
b] Appointment of Nominating Com- 
mittee. ([ In memoriam — Julius Wolff, 
Charles H. May. ([ Presentation of 
cases— a] A case of hypertelorism, 
Henry O. Little (by invitation) ; b] A 
case of Coates’ disease, A. L. Korn- 
zweig (by invitation) ; c] A case of ne- 
vus vefrucosus of the scalp with in- 
volvement of the conjunctiva, A. Rus- 
sell Sherman; Discussion by Milton L. 
Berliner. ([ Papers of the evening a] 
Multiple sclerosis as an etiological fac- 
tor in retrobulbar neuritis, AVilliam L. 
Benedict, Rochester, Minnesota (by in- 
vitation) ; Discussion by Tracy Putnam; 
b] Eye dominance, its nature and treat- 
ment, Ira Wile. 

March 18— Genito-Urinary Surgery. ([Ex- 
ecutive session — a] Reading of the min- 
utes; b] Appointment of Nominating 
Committee. ([Papers of the evening— 
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a) All unusual ca.-i- uf renal carluinele in 
a cliihl. .Iiisepli Tcnenhauin; li] I’riniary 
(Mrciiuuua of llu; male urethra, Stanley 
WoodrutT: e] Anuria ami stone forma- 
lion followin^r -snlfadia/ine therapy, 
Howard Jeek, L. A. Orkin (hy invit.i- 
tion); d) l-Aaluation of renal funetion 
tests in surgery, Mark Kishherg (hy in- 
vitation); Oiseussion hy Henry lJughee 
.md Ahraliam Hyman. 

.M.Mieii 18 — (in joint .te.f.'ion 
with the Si'rtion on Oliilori/iKjoloijii of 
ltd- I'ollfiie of I‘hiinirinn.i of Vhiltulfl- 
libio) Heading of the minutes, (i Pa- 
pers of the evening — aj The speeuilist 
in the .Army, I.ieutenant Alfred AV. 
Hoiist, l'..S..A. (hy invitation); h) 

< Itolaryngologieal aspeels of aviation, 
I.ieutenant Commander l.eon D. Carson, 
.AI.C., l’..S.N. (hy invitation); e) War 
easualties in the Navy, Captain Itcy- 
nolds Hayden, M.C., L'.S.N., former 
eomm. Hiding Oilieer, Naval Hos|)ital, 
Pe.'irl Harhor (hy invitation), (i Gen- 
eral diseussion. (f KNeeutive session of 
the .\eadimy Seetion, .\pivointnienl of 
Nominating Committee. 

.AIahcii '-’O — Orthopi ilir Siiroen/. Heading of 
the minute.s. ‘f Presentation of .\ppar.i- 
tu.s — Demonstration of “hand ludder,” 
Kdg.ir 1). Djijienheimer. Pajier-s of the 
e\ening— . 1 ] Open reduetion amt im- 
idant.ition of hone ehips for ununitetl 
fr.ieture of tlie feinor.d neek (■> e.i.ses), 
H.dford Halloek; h) L’nuiiited frae- 
ture.s, I'reil 11. .\lhee; Diseus.sion hy 
Lewis Cl. irk W.igiier. Gener.d dis- 
eussinn. e Kseeutive .session, .ippoint- 
iiieiit of Nomill. iling Committee. 

MAiti ‘11 ‘J V — , t riVjf ijnit t j t/in cohiO'/* 
*' l'.\eeutiie session — .|] He.iding of the 
mimites; li] .Appointment of Nimin.it- 
ing Committee, y Present. ition of C-ises* 
- ij Chronie insersimi of tlie uterus; 
li] Oi.iri.m jiregii.mey, Willi. tm K. .ALop 
(S'y r.r.it.i’.ii.n). e 

n;ng--.ij Lnd-rcsuU-s in r.incer of file 
oi.irj *, H. C. T.nlo.-. .Ir.. .V. A'. Greeley: 
t>! .\ foKo'.s-iip ev.ilu. ition of the Hieh- 
aro.-'.n I'. 'iiiposite Opcr.itio;) for uterine 


lirolapse, Hiehard A\’. Tel.inde, Cliief 
Gynecologist, Johns Hopkins Hospital 
(hy invitation) ; Diseussion hy .Alherl 
H. .Aldridge, y General iliseussion. 

•C.ise reports and jiaper (a) presented hy 
niemhers of Gynecological St.ilT of Hoosevelt 
I lospit.il. 

. I F F I L I A r E n S DC / E T I E S 

Pi;iturAiiv Hi — .A*t;e Fork Eoi’iitiitn Sorittii 
(in o/Jilintion -LL-ith The A'eie York Acnd- 
einij of MeiTtrine). Papers of the evening 
— a) The role of the roentgenologist in 
orthopedic surgery, Samuel Kleinherg; 
hj X-r.iy di.agnosis in early epiphyseoly- 
sis, I.eo .Alayer; e] Hoentgeiiographie 
aids in the treatment of scoliosis, .Sam- 
uel A. Jahss (hy invitation); d] Skele- 
tal changes in chronie renal insiiilicien- 
cy, .Alaiirice .AI. Pomeran/.. y General 
discnssioii. y Executive session. 

I'lniiu'AUV 2li — Xew York FotUoloijicnl So- 
rieti/ (In ot/ilintion with The Xe’o York 
.Iciulcin;/ of Medirine). Presentation of 
cases — a | Syphilis of the aorta and coro- 
naries, George Strassman, Philip Gold- 
stein (hy invitation); h] Siiu.’ujious eelf 
carcinoma of the hronehiis and spindle 
cell sarcoma of the lung, Daniel .A. Hock 
(hy invitation), John AA'. Hall (hy invi- 
t.ition). 1 Papers of the evening — a| 
Hirer lesions e.iused hy excess ingestion 
of sulphur-containing amino acids, Jo- 
seph A'ictor (hy invitation), David P. 
Earle, Jr. (hy invit.ition) : h] .Agnogenie 
myeloid metaplasia of the spleen, Carl 
Heich, .I.imes I.i.sa. *1 Executive se.ssion. 

. I F F I L! A T E I) A O C I E T / E S 

.Al.riscit Hi — -Afu; York Rot ntijeu Aorietp (in 
oriiliotion with The .A eg: York .Iroil- 
> nip of Meilirihe). Paper of the eve- 
ning' — Cert.u'n di.igno'tie proidem.s in 
the roentgenologic.il examination of the 
e-oph.igus, Hicii.ird Sch.it/ki (hy inri- 
t. ition). •' Gener.d disCU'sion ojic.'ied i>y 
Ho..s Golden. ^Executire -e^-ion. 
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March 26 — New Fork Pathological Society 
(in ajjiliation with The New York Acad- 
emy of Medicine). ^ Papers of the eve- 
ning — a] Benign chondroblastoma of 
bone: remarks on the so-called calcify- 
ing or chondromatous giant cell tumor, 
‘ Louis Lichtenstein, Henry L. Jaffe; b] 


Benign and malignant mammary altera- 
tions produced in the rat by metliylcho- 
lanthrene and crystalline estrogen. Mil- 
ton J. Eisen; c] Spontaneous solitary 
and multiple mast cell tumors (masto- 
cytomas) in dogs, Frank Bloom. ^Ex- 
ecutive session. 



F 1 NKI.E, Philip: 1000 Park Avenue, New 
York City; born in Hartford, Connecticut, 
November 2, 1894; died in Miami Beach, 
Florida, March 13, 1942; graduated in medi- 
cine from the College of Physicians and 
Surgeons, Columbia University, in 1918; 
elected a Fellow of the Academy May 7, 
1931. 

Dr. Finkle was adjunct physician and 
2 Dhysician-in-charge of the arthritic clinic at 
The Mount Sinai Hospital and was engaged 
in medical research. He was a Fellow of 
the American College of Physicians and a 
member of the State and County Medical 
Societies. 

Fischer, Carl Ferdinand Hermann: 35 
East 84 Street, New York City; born in 
Clausthal, Province of Hannover, Germany, 
April 24, 1871; died in New York City, 
March 5, 1942; graduated in medicine from 
the College of Physicians and Surgeons, Co- 
lumbia L^niversity, in 1896; elected a Fellow 
of the Academy February 6, 1908. 

Dr. Fischer joined the Lenox Hill Hos- 
pital staff in 1896 ancT for the past six years 
served in the capacity of consulting surgeon 
and head of the department of medical 
education. He was professor of clinical 
surgery at New York University College of 
Medicine, 1931-36; lecturer on clinical sur- 
gery at the College of Physicians and Sur- 
geons, Columbia University, 1911-15; lec- 
turer on clinical pathology at Polyclinic 
Medical School and Hospital, 1900-03; and 


for a number of years was consulting sur- 
geon to the Rockaway Beach Hospital. He 
was a Fellow of the American College of 
Surgeons, a member of the American Asso- 
ciation for Thoracic Surgery, the New York 
Surgical Society, and the State and County 
Medical Societies. 

Garvin, William Creighton: Bingiiamton, 
New York; born in Philadelphia, Pennsyl- 
vania, November 30, 1873; died in Bing- 
hamton, April 3, 1942; graduated in medi- 
cine from the College of Physicians and Sur- 
geons, Columbia University, in 1903; elected 
a Fellow of the Academy November 2, 1922. 

Dr. Garvin was superintendent of the 
Binghamton State Hospital, a Fellow of the 
American Medical Association, a member 
of the American Psychiatric Association, a 
member of the American Psychopathological 
Association, and a member of the State and 
County Medical Societies. 

Green WALD, Harry Mordecai: 499 Ocean 
Avenue, Brooklyn, New York; born in Un- 
guar, Hungary, March 18, 1890; died in 
Brooklyn, March 15, 1942; graduated in 
medicine from Bellevue Medical School, 
New York University (now New York Uni- 
versity College of Medicine) in 1910; elected 
a Fellow of the Academy' April 6, 1933. 

Dr. Greenwald was attending pediatrician 
to the Israel Zion Hospital and cliief pedi 
atrician to the Trinity Hospital. He nas 
a diplomate of the American Board of Pe- 
diatrics, a Fellow of the American Medi- 
cal Association, a member of the American 
Academy of Pediatrics, and a member of 
the State and County Jledical Societies. 

PIiRSCir, IsA-vc Seth: 133 East 58 Street, 
New York City; born in New York Ci y, 
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December 3, 1880; died in New York City, 
March 24, 1942; graduated in medicine from 
the College of Physicians and Surgeons, 
Columbia Universit}', in 1902; elected a Fel- 
low of the Academy February 6 , 1913. 

Dr. Hirsch was professor of radiology 
at New York University College of Medi- 
cine; x-ray consultant to the New York 
State Compensation Commission; and di- 
rector of radiology at New York University 
Clinic and Beth Israel Hospital. From 1914 
to 1917, he was professor of roentgenology 
at New York Post-Graduate jVIedical School 
and Hospital; and from 1910 to 1926, he was 
director of the department of radiology' at 
Bellevue Hospital. In 1920, Cambridge Uni- 
versity (England) awarded him a diploma 
in radiology. He was a diplomate of the 
American' Board of Radiology’, a Fellow of 
the American College of Physicians, a Fel- 
low of the American Medical Association, a 
member of the Radiological Society of North 
America, Inc., and its vice-president in 1927- 
28, and a member of the State and County 
iMedical Societies. 

Dr. Hirsch was tlie author of “Principles 
and Practice of Roentgenological Tech- 
nique,” 1920; and “Principles and Practice 
of Roentgen Therapy,” 1923. Besides his nu- 
merous writings, he served as associate 
editor and director of the department of 
technique and new devices of the American 
Journal of Electrology and Radiology. 

In 1917 he entered the Medical Corps of 
the United States Army as Captain and 
later was promoted to the rank of Major. 

JoHxsox, Fhedehic MoBTijrER, Ja.: 23 Mor- 
ris Street, Yonkers, New York; born in 
New York City, August 5, 1874; died in 
Yonkers, New York, April 13, 1942; gradu- 
ated in medicine from Syracuse University 
College of Medicine in 1904; elected a Fel- 
low of the Academy February 3, 1910. 

Dr. Johnson was attending gastroen- 
terologist to the St. John’s Hospital at 
Riverside, a diplomate of the American 
Board of Internal Medicine, a Fellow of the 
American Medical Association, a member of 
the National Gastroenterological Associa- 
tion, and a member of the State and County 
Medical Societies. 


Judd, Aspixwai.i.: 50 East 75 Street, New 
York City; born in St. Louis, Missouri, in 
1868; died in New York City’, March 17, 
1942; graduated in medicine from the Col- 
lege of Physicians and Surgeons, Columbia 
University, in 1896; elected a Fellow of the 
Academy May 19, 1904. He was a Fellow 
of the American Medical Association and 
a member of the State and County' Medi- 
cal Societies. 

McNeixi, Waitek Hahou), Jb.: 115 East 61 
Street, New York City; born in Brooklyn, 
New York, November 13, 1886; died in New 
Rochelle, New York, March 22, 1942; gradu- 
ated in medicine from CorneU University 
Aledieal College in 1910; elected a Fellow of’ 
the Academy’ February 1, 1917. 

Dr. McNeill was clinical professor of the 
department of urology at New York Uni- 
versity’ College of iMedicine; attending urol- 
ogist to Bellevue Hospital, the Welfare Hos- 
pital for Chronic Diseases, the Mount Ver- 
non Hospital and the New Rochelle Hospi- 
tal; and consulting urologist to the French 
Hospital and New York Central Railroad. 
He was a diplomate of the American Board 
of Urology’, a FeUow of the American Col- 
lege of Surgeons, a Fellow of the American 
Medical Association, and a member of the 
American Urological Association, and tlie 
State and County Jledical Societies. 

Moohe, Albeb-tus .-Vdaib: 140 East 54 Street, 
New York City’; born in Camden, South 
Carolina, June 26, 1876; died in New York' 
City, March 23, 1942; graduate in medicine 
from the jMedical College of the State of 
South Carolina in 1896; elected a Fellow 
of tlie Academy’ April 1 , 1909. He was a' 
Fellow of the American Medical Associa- 
tion and a member of the State and County- 
Medical Societies. 

Robixsox, Daisy JIaud Orixm.vx: Meridale, 
New York; born in Fort RUey, Kansas, 
November 6 , 1869; died in Jacksonville, 
Florida, March 12 , 1942; graduated in medi- 
cine from the Medical Department, Colum- 
bian Medical College (now George Wash- 
ington University School of Medicine), 
Washington, D. C., in 1890; elected a Fel- 
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low of the Acadein.v, May S, 1S97. 

Dr. Robinson was associated with the 
New York State Department of Health and 
with tlie Lb S. Public Plealth Service in 
'Wasliington. She was a member of the So- 
ciete fran^aise de dermatologie et de syph- 
iligraphie, being the first woman elected to 
membership in this Societ}', and a member 
of the State and County Medical Societies. 

Skeel, Harby Roberu-son: 115 East 61 
Street, New York City; born in New York 
City, October 4, 1885; died in Riverdale, 
New York, March 22, 1942; graduated in 
medicine from the College of Physicians and 
Surgeons, Columbia University, in 1913; 
elected a Fellow of tlie Academy April 6, 
1933. 

Dr. Skeel was surgical director of oph- 
thalniology at the Manhattan Eye, Ear and 
Throat Hospital, and consulting ophthal- 
mologist to the Bronx Eye and Ear Hos- 
pital. He was a Fellow of the American 
Medical Association, a member of the As- 
sociation for Research in Opiithalmology, 
Inc., and a member of the State and County 
Medical Societies. 

Stearns, Henry Schermeuiiorn: 655 Park 
Avenue, New York City; born in Yonkers, 
New York, December 4, 1861; died in New 
York City, April 2, 1942; graduated in 
medicine from the Medical Department of 
the University of the City of New York in 
1884; elected a Fellow of the Academy 
June 6, 1889. He was a member of the New 
York County Medical Society, and its presi- 
dent, 1904-1905, a member of tlie State Med- 
ical Society, and a Fellow of the American 
Medical Association. 


Walker, John Baldwin: 117 East 72 Street, 
New York City; born in Lodi, New Jersey, 
January 16, 1860; died in New York City, 
Aiiril 13, 1942; received the degree of B./V. 
from Harvard University in 1884; graduated 
in medicine from Harvard Medical School 
in 1888; elected a Fellow of tlie Academy 
March 2, 1893; and served the Section of 
Surgery as its Secretary from 1896 to 1901 
and as its Chairman from 1901 to 1903. 

After three years of postgraduate work- 
in Europe, Dr. Walker joined the staff of 
the New York Polj'clinic Medical School 
and Hospital in 1894, and from 1897 to 1910 
he served this institution as instructor in 
operative surgery. He was professor of cli- 
nical surgery at the College of Physicians 
and Surgeon.s, 1910-1938; and formally years 
consulting surgeon to Bellevue and Manhat- 
tan State Hospitals and the Hospital for 
Special Surgery, formerly the Hospital for 
the Ruptured and Crippled. He was a Fel- 
low of the American College of Surgeons, 
and a member of the American Medical As- 
sociation, the American Surgical Association, 
the State and County Medical Societies and 
a member of the Societe internationale (le 
chirurgie. 

Dr. Walker was the author of “■Volume 
IX— Hernia” in “Twentieth Century Prac- 
tice of Medicine,” and contributed niaiiy 
papers on the operative treatment of frac- 
tures. 

During the last war. Dr. Walker com- 
manded Base Hospital 116 of the American 
Expeditionary Force in France and for 
his work was awarded the Distinguished 
Service Medal. He held the rank of Colonel 
in the Officers Reserve Corps. 
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THE ANTI-COAGULANTS 

Heparin and the Dicoumarin-3, 3' Methylene-Bis- 
(4-Hydroxycoumarin) * 

Andrew Prandoni and Irving Wright 

From the Department of Jvfedicine of the New York Post*Graduate Medical School and Hospital, 

Columbia University 


problem of inhibition of coagulation has been the 
subject of numerous and frequently conflicting reports 
during the past two decades. From this material pertinent 
findings will be briefly reviewed in order to present a 
background for the consideration of Heparin and the 
Dicoumarin-3, 3' Methylene-Bis-(4-Hydroxycoumarin). The conclu- 
sions suggested should probably be considered as representing current 
opinion rather than final truth. 

Prothrombin, a protein normally present in the blood plasma in a 
concentration of approximately 40 mg. per cent,^ is quantitatively con- 
verted into thrombin by the action of thrombokinase and ionic calcium. 

Prothrombin is the component chiefly affected by 3, 3' methylene- 
bis- (4-hydro.xycoumarin) ,- a clotting inhibitor which will be discussed 
at length later. We shall, therefore, dwell upon it briefly. The liver is 



* Presented in part before the Graduate Fortnight of The New York Academy of Medicine, Oct. 16, 
1941 and in part before the Joint Meeting of the New York Heart Association and the Section on 
Medicine oi The New York Academy of Medicine, January 20, 1942. 
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the chief source of prothrombin.^- ® Vitamin K appears to be impor- 
tant in its formation. 

Hypoprothrombinemia may occur in conditions associated with in- 
sufficient vitamin K intake, absorption and utilization. Reduction in pro- 
thrombin concentration to below 35 per cent of normal, will, in many 
instances, produce a hemorrhagic state. Avitaminosis K on the basis of 
dietary insufficiency rarely occurs, possibly due to the capacity of the 
intestinal flora to synthesize the vitamin when such a deficiency exists.'^' 
Absorption of vitamin K is contingent upon an adequate concenti-a- 
tion of bile salts in the gastrointestinal tract,®-'’ hence obstructive jaun- 
dice and biliary fistulae are frequent causes of hypoprothrombinemia. 
Diminished prothrombin concentration occurs in ulcerative colitis, 
sprue, intestinal obstruction and polyposis,’^®’’-^’^"-''® due to interference 
with absorption of vitamin K through the intestinal wall. 

Prothrombin deficit despite adequate vitamin K intake and absorp- 
tion may occur in hepatic derangements.^®- Hepatic intoxi- 
cations (due to carbon tetrachloride,''® chloroform,® and phosphorus), 
hepatectomy® and extensive liver damage on other bases'®- result 
in a hypoprothrombinemia in no way influenced by the administration 
of large doses of vitamin K. DeLor and Reinhart®® observed prothrom- 
bin to be universally diminished when liver function fell below 50 per 
cent, as determined by the hippuric acid method. 

Calchim, as ionic calcium, hastens the conversion of prothrombin 
to thrombin.®' For calcium deficiency to significantly inhibit coagula- 
tion, however, serum calcium would have to fall below the lowest re- 
corded level compatible with life.®® 

Thrombokinase is a lipoprotein closely allied to cephalin. In com- 
bination with calcium it is considered by Eagle®® to constitute a proteo- 
lytic enzyme analogous to trypsin, Avhich reacts with prothrombin to 
form thrombin. Crude or crystalline trypsin®' and proteolytic snake 
venoms®® can be substituted for calcium-platelet or calcium-tissue- 
extract mixture in the activation of prothrombin in vitro. The view that 
activation of prothrombin involves proteolysis would seem to be sup- 
ported by these reactions. Thrombokinase is present in all tissues; the 
lung, platelets, and brain being its richest sources. Thrombokinase af- 
fects only the velocity of the prothrombin to thrombin conversion nor 
the quantity of the thrombin derived from prothrombin.®®-'" Heparin 
antagonizes thrombokinase,®' blood remaining fluid despite the presence 
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of large quantities of circulating' prothrombin and fibrinogen, only as 
long as the thrombokinase-heparin balance is maintained in favor of 
heparin, and in all probability certain other anti-coagulants about which 
little is known. 

Thrombin, a protein, is-probably a hydrolytic product of prothrom- 
bin. Schmidt-®’-^ and Eagle^° believe it to be a proteolytic enzyme 
which converts fibrinogen into fibrin. Thrombin is capable of convert- 
ing 2000 times its weight of fibrinogen into fibrin.^® It may be replaced 
in the conversion of fibrinogen to fibrin by proteolytic enzymes such 
as papain'^ and numerous snake venoms (Cro talus adamantus, Cro talus 
terrificus, Crotalus horridus, Bothrops nummifera, etc.).®® No apparent 
stoichiometric relationship exists between thrombin and fibrinogen. 

Fibrinogen is a globulin-type protein of special solubilities. It is pro- 
duced exclusively in the liver. Except in very severe forms of liver 
disease, the fibrinogen concentration in the blood is maintained at a 
normal level of 0.2 to 0.3 mg. per cent. Its conversion from the physical 
state of a disperse hydrosol to a quasi-crystalline fibrin gel is the sine 
qua non of natural blood clotting. 

In vivo, anti-coagulants may be arbitrarily grouped in five classes: 

1. Substances in nature which have anti-coagulant activity when 
added to blood; for example, hirudin, an anti-thrombin®^'®® and anti- 
kinase,®® derived from the buccal gland of the leech, and snake venoms 
of the cobra venom type. 

2. Anti-coagulant substances isolated from blood or tissue, e.g., 
heparin. 

3. The physiological anti-coagulant presumed to be present because 
of delayed coagulation of the blood. This is believed by some to be 
heparin.®"' Others contend that it is an anti-thrombin distinct from 
heparin. 

4. Substances which, when ingested, either depress formation of 
one of the components of the coagulation mechanism or render it in- 
active, e.g., dicoumarin. 

5. Synthetic substances, which, when added to blood, inhibit coagu- 
lation; e.g., the diazo dyes (Chicago blue, chlorazol fast pink, sodium 
thiosulfate, trypan blue), germanin and liquoid.®®’®®’®^’'*^’®® 

Since it is beyond the scope of this paper to discuss in detail the 
mechanism of, and the clinical results obtained with each of these sub- 
stances, the major portion of the discussion will be devoted to heparin, 
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and dicouniarin, a recently isolated clot inhibitor which has been the 
subject of investigation in the Department of Medicine of the New 
York Post-Graduate Medical School and Hospital during the past year. 

The limitations of hirudin which render its clinical use impracti- 
cable are its lotv potency, as compared to heparin, and its limited supply. 

The synthetic in vivo anti-coagulants are similar to heparin in their 
mode of action.^® AVith the exception of chlorazol fast pink, a very nar- 
row margin exists between the therapeutically effective and the toxic 
dose. The anti-coagulant activity of chlorazol fast pink has been 
found to be lo to 15 times less than that of heparin. 

Heparin 

Heparin is a strongly acidic compound containing mucoitin poly- 
sulfuric acid, acetic and glycuronic acid plus a base glucosamine.^® It 
inhibits the coagulation of blood in vitro or in vivo by retarding the 
conversion of prothrombin to thrombin, and by direct antithrombic 
activity.'^- Heparin arises in the mast cells of EhrliclY® which are 
found chiefly in the vicinity of the finer blood vessels.'*® Jorpes®* con- 
cluded from the location of the masi; cells that they constitute a hor- 
monal system feeding heparin to the blood. The liver capsule and the 
lung are the richest reservoirs of heparin in the body. Appreciable 
amounts have also been e.xtracted from the subcutaneous tissue and the 
blood vessels. Histologically, heparin inclusions in the mast cells may 
be detected by the characteristic metachromatic stain which they yield 
with toluidine blue. 

Ferguson'*® has demonstrated that heparin possesses two distinct ac- 
tions in the first phase of the clotting mechanism. First, it retards the 
rate of prothrombin conversion to an extent which is inversely propor- 
tional to the amount of the thrombokinase present. Second, there is an 
effect on the amount (effectiveness) of the thrombin formed.*® Heparin 
apparently not only inhibits coagulation by retarding the formation of 
thrombin, but also by acting as an anti-thrombin.®®' **’*“ Quick,*® Brink- 
hous,*^ Jaques and Mustard*® have demonstrated that heparin is only 
active in the presence of a co-factor which is part of the albumin frac- 
tion. In their opinion, heparin combines ^yith and enhances the action 
of normal plasma anti-thrombin. Trypsin*® and thrombokinase-' di- 
rectly antagonize heparin, coagulation being prevented unless an excess 
of these substances is present. Many clot inhibitors resemble heparin 
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in their mode of action and in the presence of sulfur in the molecules. 
For example, sulfo-cellulose, hermophenyl, liquoid, germanin, diazo 
dyes, cystine, and sodium thiosulfate, like heparin, exhibit an anti- 
coagulative activity proportional to their sulfur content.®®’ Lind- 
gren and Wilander"’^ and Hedenius^- observed that with heparin the 
coagulation time may be maintained at optimal levels of tu^enry to thirty 
minutes without influencing the bleeding time as determined by the 
Ivy method. Best^® demonstrated, by means of a glass cell technique, 
that platelet agglutination, as well as fibrin deposition, was inhibited by 
heparinization. Subsequently, Solandt and Besr^* presented evidence 
that very extensive injury to the arteries and veins never resulted in a 
maximal stimulus to platelet agglutination. The amount of heparin re- 
quired to prevent platelet thrombi in vivo was found to be much 
smaller than that required to prevent the process in a glass cell. Salmine- 
sulfuric acid, a protamine, neutralizes the effect of twice the amount 
of heparin in vitro and in vivo. An intravenous injection of this prota- 
mine will immediately check any undesirable bleeding produced by 
heparin.®'"’^® 

Preparations: The products available for clinical use are: 

1. Heparin— Lederle lo cc. vial— lo mg./cc.~iioo Toronto u/cc. 

2. Liquemin— Roche Organon lo cc. vial— lo mg./cc.-iioo Toronto 
u/cc. 

3. Solution of heparin— Connaught Laboratories 10 cc. vial— 10 mg./ 
cc.-iioo Toronto u/cc. 

These products are at present so standardized that each cc. keeps 5000 
cc. of plasma in vitro in a liquid state for four hours at 37° C. 

Methods: The methods of heparinization in use today are local, re- 
gional and general. Local and regional heparinization are used chiefly 
in vascular surgery in order to confine the anti-coagulant effect to the 
operative area. In the treatment of thrombosis and thrombo-embolic 
conditions, general heparinization is the method of choice. This may 
be achieved by either of two techniques: (i) By the continuous intra- 
venous drip; and (2) by multiple intravenous injection. In the first, 
advocated by Best and Murray and utilized widely in this country, the 
appropriate amount of heparin is added to an infusion which is permit- 
ted to flow continuously throughout the course of therapy into the se- 
lected vein. The choice of diluent may be modified by the individual 
case, heparin being equally active in five per cent glucose solution. 
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normal saline, or Ringer’s solution. Should fluid restriction be impera- 
tive, the entire daily dose may be given in as little as .800 to 1000 cc. 
The amount of heparin required to secure an arbitrary optimal prolon- 
gation of coagulation time, namely, twenty to thirty minutes, varies 
according to the response of the individual patient. Twenty to thirty 
mg. per hour usually suffice to maintain this level. Variation in response 
in different patients and in the same patients from day to day will of 
necessity modify the dose. In our opinion coagulation times in excess 
of forty minutes are hazardous. Maintenance of a coagulation time of 
twenty to thirty minutes is insured by repeated estimations of the 
venous blood clotting time at four hour intervals by means of the Lee- 
White two tube method. The intermittent intravenous injection method 
has been used almost exclusively by Crafoord,^^ Jorpes,^^ and Lindgren 
and Wilander'^^ since 1936. These observers have been using doses of 
from 50 to 75 mg. three times daily at 8 a.m., noon and 4 p.m. with an 
evening dose of 100 to 125 mg. at 8 p.m. Appropriate adjustments in the 
dosage ^are made as indicated by the coagulation time obtained. The 
marked fluctuations in coagulation time encountered with this method 
render dosage estimation problematical. Dosage should theoretically be 
so regulated that the coagulation time never falls below 15 minutes, but 
this is very difficult to achieve with this technique. The disadvantage of 
multiple venipuncture may be obviated by employing a specially con- 
structed needle designed by Olovson.®® This needle is allowed to re- 
main in situ throughout the course of therapy. It is supported by an 
aliform plate which is fixed to the arm by adhesive tape and is provided 
with a detachable cap with a rubber membrane through which the in- 
jections may be made even while the patient is sleeping. Coagulation 
has never- been observed in the needle during the course of treatment.'' 

Certain theoretical disadvantages are inherent in this method of 
heparin administration. Chief among these is the impossibility of main- 
taining the more or less constant elevation of coagulation time secured 
with the continuous intravenous drip. Secondly, the coagulation time 
immediately following injection of undiluted heparin attains levels, 
which may be hazardous, of one hour or more. Subsequent to the ini- 
tial abrupt rise, there is a steady fall over a four hour interval to as low 
as eight to ten minutes in some, cases. -The foregoing drawbacks not- 
withstanding, these authors have reported satisfactory results with the 
intermittent intravenous injection technique. 
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Heparin has also been administered by the subcutaneous route. The 
magnitude of the doses required to obtain the desired levels with this 
method renders it impracticable. 

Because of the voluminous available literature concerning the indi- 
cations for the therapeutic and prophylactic use of heparin, we shall 
confine ourselves to a brief summary of recent clinical and experimen- 
tal developments. Regional and general heparinization have proved in- 
valuable in maintaining vessel patency following arteriotomy for the 
removal of thrombi and emboli. Murray,®® Lam,®.^ Lindgren and 
Wilander®^ have reported successful embolectomies with this technique. 
Pratt, of our service, has obtained similar results with heparin in six 
embolectomies and in twelve other instances of vascular surgery, hith- 
erto usually unsuccessful because of the rapidity with which the re- 
paired vessel became obstructed by thrombi, during the postoperative 
period. In mesenteric thrombosis, with a mortality rate of from 85 to 
95 per cent, heparin was employed successfully by Murray®®'®- in six 
cases. Ravdin®® reported comparable results in nvo inkances. Holmin 
and Ploman®^ demonstrated that heparinization of patients with throm- 
bosis of the central retinal vein appreciably reduced the incidence of 
blindness following this disease. This observation has been confirmed 
by Bostrom and Olsson,®® Rea®® and other ophthalmologists. Whipple®' 
and Murray®® observed that postoperative heparinization will prevent 
the portal thrombosis which frequently follows splenectomy for 
Band s syndrome and familial jaundice. Recovery in patients with 
massive pulmonary embolization appears to be influenced by heparin 
therapy. The authors have successfully treated five such patients in 
whom the initial prognosis was extremely grave. Murray,®® Ravdin,®® 
Clason,®® Rosenqvisf'® and Priestley'® have reported similar experiences, 
observing likewise a marked diminution in morbidity as well as mor- 
tality. The fact that spontaneous recovery does occur in approximately 
12.2 per cent of cases of pulmonary embolization, according to Bark- 
er s statistics, renders observation of a large series desirable before 
any conclusion can be drawn as to the efficacy of this form of therapy. 
The treatment of subacute bacterial endocarditis with heparin and sul- 
fonamide derivatives has yielded encouraging results in a few of the 
cases reported by Kelson and White.'® In the case reported by Dock- 
eray and Kawerau,^® which terminated in a fatal cerebral hemorrhaae, 
heparin was only of transient value. Other reports which ap- 
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pear in the literature reveal that fatal cerebral hemorrhage following 
embolization not infrequently occurs in patients receiving combined 
heparin and sulfanilamide therapy for subacute bacterial endocarditis. 
The value of this combined therapy is yet to be determined. It has 
failed in nine cases on our service. 

The value of heparin therapy in coronary thrombosis is still specu- 
lative. Solandt and Best’^® showed that preliminary heparinization will 
prevent thrombosis of coronary arteries injected with sodium ricino- 
leate. This work seems to indicate that if administered early, and in 
adequate dosage, heparin may minimize or inhibit propagation of the 
thrombus. At present, however, the prevention of mural thrombi seems 
to be its sole virtue in this disease. 

Lyons, Schall,®® Ershler and BlaisdelP^ have reported the success- 
ful treatment of cavernous sinus thrombosis by combining heparin with 
chemotherapy. 

Marked improvement in a single case of thrombosis of the posterior^ 
inferior cerebellar artery (Wallenberg syndrome) following heparini- 
zation has been reported by Magnusson.®" 

In a series of 627 patients reported by Crafoord,'^'^’®® 325 who had 
received heparin prophylactically during the postoperative period 
showed a complete absence of thrombo-embolic phenomena. The re- 
maining 302 patients subjected to comparable operative procedures, 
who had not received the anti-coagulant, showed an incidence of 
thrombo-embolic complications of approximately 9 per cent. (This fig- 
ure is considerably greater than that encountered in this country.) Nine 
of this latter group died. Diagnosis was confirmed by autopsy. Similar 
obsenmtions supporting the efficacy of heparin as a prophylactic against 
thrombosis following obstetric and gynecologic procedures have been 
reported by Wetterdal,®^ Leissner®® and others. 

The numerous variations in the clinical picture accompanying 
thrombophlebitis, and the frequently insidious onset of this condi- 
tion account in some measure for failure of its early detection. Most 
cases, if diagnosed in their incipiency, respond favorably to heparini- 
zation. Localization of the thrombus to its original site, accompanied 
by marked diminution in embolic complications, morbidity and mor- 
tality, are the advantages reported by numerous observers. On the 
other hand, the difficulty inherent in its use, together with other ob- 
jections to be discussed later, have led many groups to confine its use 
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in thrombophlebitis to those patients who have suffered one pulmonary- 
embolus. Venography in suspected cases, according to Bauer’s®® recent 
report, gives promise of affording a means of earlier and more certain 
recognition of incipient thrombophlebitis. 

An interesting recent development in heparin therapy, while not 
related to the cardiovascular system, is worthy of mention. This is the 
prevention of adhesions by instillation of heparin into the peritoneal 
cavity of rabbits subjected to contamination and trauma.®'^ In dogs, the 
recurrence of divided adhesions was 6 times greater in the non-hepar- 
inized group as compared to that in heparinized animals. Wright and 
Hinton®® have tried this in man with apparently good results. Definite 
conclusions as to the efficacy of intraperitoneal heparinization in man 
cannot yet be drawn inasmuch as no opportunity to reexamine the 
abdominal cavity has presented itself. Some danger of hemorrhage fol- 
lowing closure does exist, when the initial contraction of the small ves- 
sels wears off three to four hours postoperatively; hence routine use of 
heparin intraperitoneally is not to be recommended at this time. 

There exists some difference of opinion as to how long heparin 
therapy should be continued. Following vascular surgical procedures in 
which the lumen is kept patent by heparinization, the site of arterial 
suture has been found experimentally®® to be healed after 72 hours. 
Murray®® and Lindgren®^ prefer to continue heparinization postopera- 
tively until the patient is out of bed. In thrombophlebitis Bauer®® dis- 
continues therapy after five days in abortive cases; in certain instances 
he has withheld heparin as soon as the temperature and pulse returned 
to normal. Hedenius“" proposed four days as the minimum effective 
period of therapy. In our experience such periods have frequently 
proven too short. In the majority of cases of thrombophlebitis the in- 
travascular inflammatory process persists despite inhibition of thrombus 
propagation. We feel, therefore, that in order to minimize the tendency 
to relapse the administration of heparin in quantities adequate to main- 
tain coagulation time at optimum levels should be continued over a 
period of from twelve to fourteen days. Withdrawal of heparin is fol- 
lowed by a so-called negative phase during which the blood exhibits 
increased coaguability. For this reason heparin should never be discon- 
tinued abruptly but rather by a successive slow diminution in dosage. 
On our service the following criteria have been adopted as evidence 
of cessation of the intravascular process in thrombophlebitis: Return of 
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temperature and pulse to normal for one week; complete disappearance 
of local tenderness, pain, and erythema along the course of the involved 
vessel over a similar period of time; the sedimentation rate and leuko- 
cyte count, if elevated, should likewise return to and maintain a nor- 
mal level for one week; reduction of edema to a minimum is desirable. 
Strict adherence to the above routine has reduced, but not eliminated, 
the incidence of reactivation of the acute process after discontinuing 
heparin. As a rule, the briefer the period of heparinization the greater 
the possibility of recurrence. Reactivation of acute thrombophlebitis 
may definitely occur following heparinization. In an experience involv- 
ing the heparinization of approximately loo patients, the following ex- 
amples have been encountered. Three patients in whom heparin therapy 
was maintained for two to five days following satisfactory clinical evi- 
dence of subsidence, showed reactivation shortly after cessation. Two 
others had recurrences after heparinization for ten days; two more 
showed reactivation of the process following fourteen days of heparin 
therapy, one of whom suffered a second recurrence following an 
additional fourteen days of treatment. We have also seen two in- 
stances of non-fatal pulmonary embolization while heparin therapy 
was maintaining the clotting time at levels of twenty-six to thirty 
minutes. 

Complications: In 315 cases reported by Murray and Best®® four 
developed hematomata of the wound. Priestley, Essex and Barker' “ ob- 
served transient hematuria in several of their forty-five patients. Ersh- 
ler and BlaisdelP^ and Witts^® reported the occurrence of massive he- 
maturia following heparinization. Lam®^ in his series of thirty cases 
noted evidence of a hemorrhagic diathesis in four patients. Kelson, 
Fletcher,^® Friedman, W^itts^® and Afiller^"^ have reported deaths as the 
result of cerebral hemorrhage following treatment of subacute bacterial 
endocarditis with heparin and sulfonamide drugs. 

Although heparin is a valuable agent in anti-coagulant therapy, it 
does have certain disadvantages. Chief among these are: 

1. Difficulty in administration with its attendant discomfort to the 

patient. _ . 

2. Costliness: Fifteen to twenty dollars worth of heparin is require 

daily in the average case. 

3. Prolonged administration. 

4. Occasional failures. 
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Fig. 1 — Structural formula for clicoumarin 3, 3'-methylene- 
bis-(4-hydroxycoumarin). 


Added to these are the dangers inherent in all types of anti-coagu- 
lant therapy, unless scrupulous control is observed. 

Dicoumarin* 

The isolation and synthesis of the dicoumarin 3, 3' methylene-bis- 
(4-hydroxycoumarin) by Link®® and his co-workers in 1940 provided 
a new and valuable substance for workers interested in the field of anti- 
coagulants. Rather exhaustive studies in which this substance has been 
administered to rabbits, dogs, and other animals have been reported by 
Link®® and his co-workers, and by Bingham, Meyer and Pohle.^°® As 
may be anticipated from a consideration of the structural formula 
shown in Figure i, 150 substitution and degradation products of 3, 3' 
methylene - bis - (4 - hydro.xycoumarin) have been isolated by Link’s 
group,®® more than 40 of which show anti-coagulant properties as 
measured by coagulation and prothrombin studies. 

Dicoumarin 3, 3' methylene-bis-(4-hydroxycoumarin), when fed 
to susceptible animals, diminishes the clotting power of the blood and, 
in some cases, produces fatal hemorrhage. In nature, this compound 
occurs in spoiled sweet clover silage. It was for this’ reason that 
Roderick®®’®"’®® and Schofield®^’®^ used the name “sweet clover disease” 
to describe the hemorrhagic diathesis resulting in cattle from the inges- 
tion of spoiled sweet clover hay. The coagulating power of the blood 
can be restored by discontinuing the administration of the hemorrhagic 
agent, or by injection of serum or whole blood freshly drawn from 

• The Dicoumarin u^d in this study \\-as supplied througli the courtesy of Dr. Karl Paul Link, Uni- 
versity of Wisconsin, and Dr. Y. Subbarow of tlie Lederle Laboratories. 
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cattle. Quick'’^’ confirmed Roderick’s^^ observation that the coagulation 
defect in animals with sweet clover disease was due to a hypoprothrom- 
binemia, the mechanism of which was, and still is, unknown. 

and his co-workers completed the isolation and syn- 
thesis of this dicoumarin in April 1940. The pharmacological activity 
of 3, 3' methylene-bis-(4-hydroxycoumarin) has been established in 
animals by Link,^°‘" Bingham,^”® and Butt^®^ with their associates. Link 
and his group have demonstrated that within certain limits, increasing 
the size of a single dose increases the degree and prolongs the time of 
reaction in standardized susceptible rabbits. These observers likewise 
demonstrated that dogs survived large single doses, whereas. in some 
cases repeated divided doses aggregating less than the large single dose, 
produced toxicity and death. Link^®“ suggests incomplete absorption 
from the gastrointestinal tract as an explanation of this variation in 
response. 

Postmortem studies on animals that had succumbed to hemorrhage 
produced by the ingestion of spoiled sweet clover, were first made by 
Roderick"® who noted that hemorrhage may occur in any part of the 
body, but most frequently at points of stress, in the subcutaneous and 
intermuscular fasciae. No changes in the blood vessels which could 
explain the hemorrhagic tendency were observed. Hemorrhage- was, 
however, easily produced prior to death by surgical incision or by 
trauma. In October 1941, Bingham, Meyer and Pohle^"" reported the 
results of similar studies on twenty-five dogs which had received hem- 
orrhagic doses of the synthetic dicoumarin. Their observations revealed 
that hemorrhage had occurred in the subcutaneous and intermuscular 
fasciae in all the animals and that gross gastrointestinal hemorrhage 
and bleeding into the pleural spaces and pulmonary parenchyma were 
frequently observed. Marked dilatation of capillaries, small arteries and 
veins was also noted. No lesions of the vessel walls were found which 
could explain the mechanism whereby the blood was extravasated. An- 
other interesting observation made by these authors was the absence 
of significant grossi or microscopic evidence of parenchymatous disease 
of the liver, kidney or other organs. Occasional moderate hydropic de- 
generation of the liver was observed, but nothing more. Hydropic de- 
generation is known to occur post mortem, depending upon the nine 
which has elapsed between death and tissue fixation. Roderick had pre- 
viously reported liver damage as an occasional pathologic finding 
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in cattle which died from this disease. 

Studies on the response to 3, 3' methylene-bis-(4-hydro.xycoumarin) 
administered orally to human subjects have been reported by Butt, 
Allen and Bollman,’^*’^ Bingham, Meyer and Pohle’^“® and the authors. 
Bingham^”® and his co-workers have also used the disodium salt of the 
dicoumarin intravenously. Characteristic prolongation of the prothrom- 
bin and coagulation times, similar to those observed in animals, have 
been noted, by all workers. The present report on the effects of the 
dicoumarin 3, 3' methylene-bis-(4-hydro.xycoumarin) includes a de- 
scription of the hemorrhagic complications which were encountered in 
our series in man, but which neither Bingham et aP°® nor Butt et aP'** 
have previously mentioned. An attempt has been made, therefore, to 
ascertain the nature of this variation in response. 

Our objectives have been to study the reactions produced in man 
by this substance, the mechanism involved therein and to determine 
the minimum effective dose required in humans to produce an effect on 
the coagulation time comparable to that of heparin. In this the proth- 
rombin reduction plays an important role. To date this dicoumarin has 
been administered to thirty-one patients. Detailed studies regarding 
twenty of these patients have been analyzed and embodied in this re- 
port. The age of the patients varied from 22 to 83 years. The distribu- 
tion according to admission diagnosis is as follows: 


Thromboangiitis obliterans 2 

Rheumatic cardiovascular disease 2 

Thrombophlebitis 4 

Arteriosclerosis obliterans 12 


Prior to administration of the medication, a thorough history was 
taken and a complete physical examination done in order to eliminate 
preexisting hemorrhagic diathesis, and to avoid the possibility of caus- 
ing uncontrollable bleeding from peptic ulcers, fibromyomata or other 
hitherto quiescent foci of potential hemorrhage. 

Blood counts, including red and white cell counts with differential 
and hemoglobin determinations, were done on all cases before adminis- 
tration of the drug and at weekly inten^als thereafter until prothront- 
bin time returned to normal. Because of the wide variations obtained 
in platelet determinations during the control period and the feeling 
among hematologists that most platelet counts using available techniques 
are at best inaccurate, this procedure was discontinued after a trial. 
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Capillary fragility tests y using the method described by Wright and 
Lilienfeld/®® were performed prior to administration of the dicou- 
marin, during the course of therapy, .when prothrombin time exceeded 
35 seconds, and when and if hemorrhagic manifestations appeared. ‘ 

Sedimentation rates were determined by the Westergren^^° method 
prior to administration of the drug and at weekly intervals thereafter. 

Koutine urinalysis was performed three times weekly during the 
■control period and during administration of the dicoumarin. 

An attempt to estimate renal status was made on the basis of urea 
clearance tests, blood urea and non-protein nitrogen ratio and renal 
•concentration tests (2-hour method described by Mosenthal) These 
were done prior to administration of the medication with the object of 
reducing the possibility of retention toxicity, such as that encountered 
at times with other types of chemotherapy. 

An evaluation of the hepatic status was made on the basis of the 
bromsulfalein test (Magath and Snell modification) plasma proteins, 
cholesterol ester ratio and cephalin flocculation test. 

Gastric fractional analysis, using parenteral histamine, was done 
once during the period of observation, following the suggestion of 
Link^®^ that gastric anacidity might hasten absorption of the dicoumarin. 

Prothro7nbin time was determined daily, using the Fullerton^^^ mod- 
ification of the Quick technique. Normal plasma with this method gave 
values of 20 seconds plus or minus 2. Daily controls performed simul- 
taneously served as a check on the activity of the thromboplastic sub- 
;stance used. 

Coagidation time was estimated by the Lee-White’^^® two tube 
method with normals ranging between 5.5 and 7.5 minutes. 

A three day control period preceded the administration of the drug 
in all cases. During this time base line coagulation and prothrombin 
times were ascertained. 

Dosage: At the outset of our experiments no data on the dosage of 
this dicoumarin in humans were available. Anticipating the possibility 
•of hemorrhagic complications, we began with doses which, on the 
body weight basis, were but a fraction of those which had produced 
prolongation of coagulation and prothrombin time in animals. Five pa- 
tients received daily single, oral doses of 100 mg. for seven days fol- 
lowed by doses of 200 mg. at daily intervals for periods varying from 
four to eleven days. Of this group two patients received a total of 1 500 
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mg. over an eleven day period; one patient a total of 1700 mg. over a 
twelve day period; and two a total of 2900 mg. over a period of eigh- 
teen days. Four patients received single oral doses of 200 mg. at twenty- 
four hour intervals for periods varying from four to eleven days. Total 
doses in this group were as follows: 800 mg., 1200 mg., 1800 mg., and 
2200 mg. 

Three patients received a series of four 300 mg. doses at twenty- 
four hour intervals and one patient a series of five 300 mg. doses, total- 
ing 1200 and 1500 mg. respectively. The remaining patients received 
an initial dose of 600 mg. of the dicoumarin, followed in all but one 
case by daily doses of 200-300 mg. for periods varying from five to 
eight days. The amount of the dicoumarin administered to these patients 
total 600, 2200, 1800, 1800, 1500, 1500 and 2400 mg. The dose of 
the dicoumarin was administered in all instances at twenty-four hour 
intervals. Total dose of the body weight basis varied from 7.8 to 45.9 
mg./kg. 

Responses in the form of prolongation of the prothrombin and 
coagulation time varying widely in degree and duration were observed 
in patients receiving different doses and in different patients receiving 
the same total dose. We shall briefly outline the result of an analysis 
of the coagulation and prothrombin time curves obtained. 

The initial effect manifested itself as a significant prolongation of 
prothrombin time which occurred in from one to five days, average 
3.2 days. A change equivalent to three times the standard deviation 
for accuracy of the method was considered significant. 

The ma.ximal effect, namely, die greatest increase in prothrombin 
time following the first administration of dicoumarin, occurred in from 
one to twenty days, with an approximate average of thirteen days. 

The coagulation time at the period of maximal prolongation varied 
from eight to thirty-three minutes, averaging thirteen minutes. 

The maximal prolongation of prothrombin time ranged from 
twentt''-si.x to seventy seconds, with an average of fort)''-seven seconds. 

The total duration of effect, or time lapsing between the initial rise 
in the prothrombin time and its return to control level, was two to 
tw'cnty-six days, averaging 11.2 days. 

The duration of effect, after discontinuing the administration of 
dicoumarin, varied benveen one and twenty-three days, average 1 1 .2 
days. As a rule the degree and duration of prolongation of coagulation 
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:ind prothrombin time varied directly with the magnitude of the dose 
and the period of time over which it was administered, 

Conipiicatians: \^arious manifestations of a hemorrhagic tendency 
made their appearance in eight of the twenty patients in this series. 
They were as follows: Purpura 4; sublingual ecchymosis 3; conjunc- 
tival hemorrhage 3; gingival hemorrhage 4; epista.xis 2; hematuria 3; 
spontaneous bleeding at wound site 3; vertigo 2; hematemesis 4; weak- 
ness and lassitude 7. There were variations in extent, intensity and 
duration of these signs and symptoms. 

Treatment of the be/norrbagic tendency: Two patients received 
only supportive therapy, in order to evaluate the efficacy of the various 
therapeutic agents employed. Five patients received daily doses of 6.4 
to 12.8 mg. of 2 methyl i, -4 naphthohydroquinone 3 sodium sulfonate, 
and 300 mg. of cevitamic acid parenteraliy in addition to 150 mg. of 
nicotinic acid and the grated peel of four oranges daily by the oral 
route. One patient received only cevitamic acid, nicotinic acid and 
vitamin P in the above doses. Five patients received transfusions of 
250-500 cc. of whole citrated blood. 

Effect of vitivniins K, C, P and Nicotinic acidN- Synthetic vitamin 
K .substitute in doses substantially greater than those proven to be thera- 
peutically effective in hypoprothrombinemias due to other causes, were 
ineffective in lowering the prothrombin time or controlling hemorrhage 
produced by the administration of the dicoumarin. A further report on 
the effect of vitamin K substitutes on the hypoprothrombinemia induced 
by administration of a 3, 3' methyiene-bis-(4-hydroxycoumarin) will be 
embodied in a paper now in preparation. Vitamins C and P and nicotinic 
acid likewise exerted no detectable influence on the hemorrhagic tendency. 

Effect of Transfusion. In patients showing hemorrhagic complica- 
tions transfusion produced varying results. In two instances four day old 
bank blood was found to be ineffectual in the control of hemorrhage. 
Transfusion with fresh whole blood resulted in a fall in prothrombin 
time to a point below the hemorrhagic level, with complete cessation 
of hemorrhage in one case. Four other patients with hemorrhagic com- 
plications showed a temporary fall in prothrombin time with diminu- 
tion in the severity of hemorrhages following transfusion. In these cases 
there w.is a subsequent prolongation of prothrombin time with recur- 
rence of spontaneous hemorrhage requiring repetition of transfu.sion 
before control conditions were restored (cf. Table I). 
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INDICATING LACK OF RELATIONSHIP OF AGE, WEIGFIT AND DOSE OF 
DICOUMARIN TO HEMORRHAGIC COMPLICATIONS IN 20 PATIENTS 


Hesiohiihagic Gnoup 


Noif-HEjrORRHAGIC 

Group 

Case 

No. 

Age 

yr. 

1 

Body 

Wt. 

Kg 

Total Dose 

Duration 

of 

2'hera-py 

Days 

Case 

No. 

Age 

yr. 

1 

Body 

Wt. 

Kg 

Total Dose 

Duration! 

of 

Therapy 

Days 



gm. 

mg /kg 

1 

25 

55.0 

1.5 

27.2 

i 

1 “ 

2 

53 

73.6 

2.9 

39.4 

18 

4 

37 

61.3 

1.7 

27.7 

12 

3 

43 

85.9 

1.5 

17.4 

9 

5 

45 

79.5 

2.9 

36.4 

18 

7 

69 

' 51.8 

1.8 

34.7 

9 

6 

60 

1 

57.7 

2.2 

38.1 

11 

8 

70 

1 68.6 

.8 

11.6 

4 

9 

60 

64.5 

1.2 

18.6 

6 

11 

68 

75.4 

1.2 

15.9 

4 , 

10 

67 

77.2 

1.2 

15.5 

4 

12 

63 

76 3 

.6 

7.8 

1 

16 

69 

63.1 

1.8 

28.5 

5 

13 

68 

74.5 

2 2 

2.9.5 

, 10 

18 

54 

63.5 

1.5 

23.5 

5 

14 

48 

83.1 

1.5 

18.0 

0 


1 





15 

50 

55.4 

1.2 

21.6 

4 







17 

72 

56.8 

1.8 

31.7 

5 






1 

19 

22 

52.2 

2.4 

45.9 

8 







20 

82 

46.3 

1.5 

j 32.3 

1 

5. 


Discussion 

Dose: There was no apparent correlation between the incidence of 
hemorrhagic response and the amount of the drug administered (cf., 
Table II); moreover, comparable degrees of prothrombin- and coagu- 
lation-time prolongation were obtained in both bleeding and non- 
bleeding patients. As would be expected, the period over which the 
prothrombin time was .prolonged was greater in those patients who re- 
ceived the larger doses. Hemorrhagic complications of equal intensity, 
equally resistant to therapy were noted in patient No. 5 (Wt. 79.5 Kg.) 
who had received 36.4 mg./Kg. of the dicoumarin and in patient No. 
9 (Wt. 64.5 Kg.) who had received only 18.6 mg./Kg. 

In patient No. 5, the bleeding tendency was of live days durauon, 
and responded to two transfusions. In patient No. 9, hemorrhagic signs 
and symptoms persisted over a ten day period, requiring three trans- 
fusions for adequate control. 
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Link^®'-* and his associates have observed that response to dicouinarin 
in animals is enhanced by malnutrition, hepatic disorders, anacidity, 
dehydration, and abnormally high environmental temperature. Bearing 
in mind these factors, as possible confributorj^ causes to the develop- 
ment of the hemorrhagic diathesis, a careful analysis of available 
laboratory and clinical data was made which yielded the following 
observations; 

Tei)iperatiire: During the course of our investigations the room 
temperature on the hospital wards was at times uncomfortably high, 
ranging from 8o°-90°, although the average temperature during this 
period as recorded by the U.S. Weather Bureau was 74.7° F. Whether 
skin capillary dilatation associated with exposure to high, environmen- 
tal temperature, superadded to the widespread capillary -relaxation noted 
by Bingham,^®® was a factor in the production of hemorrhagic mani- 
festations has not yet been ascertained. 

Dehydration:^'^^'^^^ No evidence of dehydration was present in any 
of these patients prior to the onset of hemorrhage. Hematocrit, serum 
proteins, and plasma specific gravities were within normal range. 

Anacidity: Gastric analysis in the patients who manifested the hem- 
orrhagic diathesis revealed normal HCl concentration curves in four; 
hyperchlorhydria in one; and hypochlorhydria in three. Similar studies 
in non-bleeding patients showed normal HCl concentration curves in 
si.\', hypochlorhydria in three, and hyperchlorhydria in two patients. 

Age: The age distribution of those patients, with and without hem- 
orrhagic complications, was essentially the same (cf. Table II). Only 
three female patients were included in the series, hence no deductions 
regarding the influence of se.x were warranted. 

Nutritional status as estimated by weight and height tables was good 
in all but three patients. None of these showed hemorrhagic tendencies. 

Capillary fragility: No apparent relationship between hemorrhagic 
tendency and capillary permeability could be established on the basis 
of the test used. There was no increase in capillary permeability over 
control determinations at the time of hemorrhage. Seven of the twenty 
patients showed abnormal capillar}’- fragility prior to the administra- 
tion of the dicoumarin. Of this group only uvo developed hemorrhagic 
complications which were not associated with a further increase in cap- 
illary fragility. 

Sedunentation rate remained at control level throughout the period 
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of investigation in the non-hemorrhagic group. In those patients show”^' 
ing the hemorrhagic tendency an elevation of sedimentation rate oc- 
curred with the onset of hemorrhage, persisting until the hemorrhagic 
tendency subsided, at which time a slow return to control level was 
observed. 

Renal junction: Because of the inability of many of our patients to 
cooperate, studies of renal function by means of the urea clearance 
test were incomplete. jMosenthal“' renal concentration tests showed 
low fixed specific gravity in four patients of the hemorrhagic group, as 
contrasted with one patient in the group who showed no complications. 

Hepatic junction: Two patients showed significant bromsulphalein 
retention after i hour. One of these (patient No. 19) showed hemor- 
rhagic signs; the other (patient No. ii) did not. The cephalin floccu- 
lation test was positive in two non-hemorrhagic patients and in one 
patient who exhibited the bleeding tendency. • 

From the foregoing it is difficult to attribute the hemorrhagic com- 
plications observed in this group of patients to any single factor. 

The interval of twenty-four to seventy-two hours which transpires 
before the initial effect of the dicoumarin is observed would seem to 
suggest that a comparable interval is required for the dicoumarin to be 
converted into a prothrombin inhibitor, or to exert a direct effect upon 
the prothrombin-producing function of the liver. Bingham, Meyer and 
Pohle^®“ reported a similar delayed action with intravenous administra- 
tion. This demonstrates that the lag is not due to retarded absorption. 
It cannot be stated at this time whether the site of action of dicoumarin 
is in the liver or not. 

The fact that in vitro studies have shown that the dicoumarin, as 
such, has no anti-coagulant activity would tend to minimize the im- 
portance of renal retention as a probable cause of the hemorrhagic 
diathesis. Undoubtedly, dose-level influences the tendency to hemor- 
rhagic complications, since other obserx'^ers who administered smaller 
or only single doses to patients reported no such manifestations. How- 
ever, in addition to this, a combination of factors which for want of 
adequate evidence must be termed individual susceptibility, varying 
from patient to patient, would seem to be an important determinant in 
the production of the hemorrhagic tendency. 

The conclusions drawn from this study are as follows: 

I. In man, the oral administration of dicoumarin will prolong proth- 
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Tabus III 

CONTRASTING CHARACTERISTICS OF DICOU^MARIN AND HEPARIN 



Dicoumarin 

Heparin 

Chemical 

Classification 

3, 3'-Methylene-Bis- 
(I-Hydroxycoumarin) 

JIucoitin polysiilfuric acid 

Preparation 

i 1. Extraction from sjioiled sweet 
clover hay 

2. Svntbesis ' 

■ 

Extraction from blood, liver, lung 
and other tissues 

Commercially it is prepared from 
lung and liver 

Effect 

Manifested by 

1. Prolongation of prothrombin 
and coagulation times 

1. Inhibition of platelet aggluti- 
nation 

2. Prolongation of coagulation 
time 

Effect 

Antagonized bv 

j 1. Fresh wl\ole blood 

1. Trypsin 

2. Thrombokinase 

3. Snake venom 

j 4. Salmine sulfuric acid 

Dose 

Variable (approximately 300 mg. 
on alternate days in recent cases 
has proved satisfactory) 

Variable (approximately 

20 mg./ Kg.) 

Method of 
Administration 

1. Oral 

2. Intravenous 

lntravenous|^;“"JiTn.^fl’ 

(Multiple Divuleil DosSe 

Initial Re- i 

sponse Occurs 

24-72 hours 

Immediately 

Duration of 
Effect 

2-2G days average 11.2 days 

1-4 hours 

Hemorrhagic 

JIanifestations 

Purpura, Ecchymoses, Hematu- 
ria, Gingival hemorrhage. Epi- 
.staxis, Conjunctival hemorrhage 

j Hematomata, Hematuria, Cerebral 
hemorrliage 

Hemorriiagic 
Tendency 
Controlled by 

Transfusions of fresh whole ' 

lilood or plasma 

1. Salmine sulfuric acid 

2. Blood transfusion 


rombin and coagulation time. 

2. Wide variations in degree and extent of response were observed 
in different patients. 

3. Hemorrhagic reactions, resembling sweet clover disease in ani- 
mals, occurred followincj the oral administration of dicoumarin in eisht 

O D 

patients. 

4. Evidence suggests that differences in individual susceptibilitv may 
be responsible in part for these hemorrhagic responses. 

The contrasting characteristics of these two in vivo anti-coagulants 
—heparin and dicoumarin— are presented in Table III. 
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An attempt has been made to summarize the present status of the 
use of in-vivo anti-coagulants. Of these, heparin and the dicoumarin 
3, 3' methylene-bis-(4-hydroxycoumarin) appear to be the most impor- 
tant and the most promising. They should be considered merely as 
steps toward our understanding of the factors and mechanisms involved 
in the important process of the coagulation of the blood. Some thera- 
peutic indications have been outlined. 
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XVIIL Experiumital Observations on the Humoral Mechanis7n of 
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pSHSHSHsasasEaHE finding chat persistent hypertension may be induced 
S S in the dog by constriction of both main renal arteries or 

S T S constriction of one main renal artery and extirpation 
g contralateral kidney^ has been fully confirmed by 

tasasasasasasa many investigators."'® Hypertension has now been pro- 
duced by the same method in the monkey,® rat,^®'^® rabbit, goat and 
sheep,^® The development of this method was based upon the assump- 
tion that in the most common type of human hypertension in which 
fairly widespread vascular disease is almost an invariable accompani- 
ment, the arterio- and arteriolosclerosis of the kidney is the primary 
condition which, in some way, determines the elevation of the blood 
pressure. .Whatever may be the nature of the actual disturbance of 
hemodynamics which occurs in the human kidney the seat of arterio- 
and arteriolosclerosis, a similar effect on intrarenal hemodynamics is . 
probably produced in animals by persistent constriction of the main 
renal artery. The resultant experimental hypertension is strong indica- 
tion that in man too, the elevation of the blood pressure may be due to 
the renal vascular disease or any other kind of renal disease which 
might produce a similar effect on the renal circulation. 

The experimental production of a disease process in animals is of 
value to human medicine in direct proportion to the resultant contribu- 
tion to the elucidation of the cause and possible cure of its human coun- 
terpart. The various studies of experimental renal hypertension pro- 
duced by constriction of the main renal artery have already brought out 

* ‘he authors were supported by the Beaumont Trust (L D. Beaumont) and 

tension befo?ft^e“G?adumfFonn?gh?‘The‘NL“YorkTcad?m™f\MiriLfoX^^^ 
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Table I 


Subject 

Human Essential 

H ypertension 

Experimental Renal 
Hypertension 

Cardiac rate 

Normal 

Normal 

Cardiac output 

Normal 

Normal 20 

Blood volume 

Normal -!• 22 

Normal 23,24 

Viscosity 

Normal 23 

Normal 20 

Peripheral blood flow 

Normal 27. 28* 

Normal 20 

Sympathectomy 

Does not abolish hyper- 
tension 27 

Does not prevent or abolish 
hypertension 7.23,62,63 

Resection of splanchnic 
nerves 

Does not abolish hyper- 
tension 20 

Does not prevent or aboli.sh 
liypertension 3i 

Renal blood flow 

Apparently reduced 32,33 

Reduced 3i** 

Renal excretory function 

(a) Benign phase 
normal 35. 36 

Benign phase 
normal 7,3.5. 6,24.37 


(b) Malignant phase 
reduced 53 

l\Ialignant phase reduced 33 

Cardiac hypertrophy 

Left ventricle when uncom- 
plicated by failure^® 

Left ventricle. ' 

Rat,Ji.J2 Rabbit, 15 Dog 3. 24 

Pulmonary arterial 
pressure 

Not altered when hyperten- 
sion is uncomplicated by left 
heart failure, as indicated 
b}' normal right heart 36 

Unaltered 43 

L'nilateral renal disease as- 
sociated with hypertension 

Cured by nephrectomy when 
proved unilateral 

Cured by nephrec- 
toni}' 1 • 3. 5. 45 

Bilateral nephrectomy 

No rise of pressure 

No, rise of pressure i- ‘i-ii 

Thyroidectomy 

Does not prevent or cure 
hypertension unless of the 
type associated with disease 
of tlie thyroid 5i 

Does not prevent or alioli.sh 
hypertension 52 

Generalized arteriolar 
necrosis and necrotizing 
arteriolitis 

In malignant phase 
only 38. 33,54 

In malignant phase only53-5' 


* Controversial: Abramson, D. I. and Fierst, S. Jl.t Resting blood flow and peripheral va»cu 
responses in hypertensive subjects, Ww. Heart J., 1942, 2i:84. 

** Controversial: Corcoran, A. C. and Page, I. H.: Renal aspects of experimental and cl' 
hypertension, /. Lab. <5* Clin. Med., 1941, 26:1713. 
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clearly the many similarities of this type to human so called “essential” 
hypertension which is so frequently associated with vascular disease, 
especially involving the kidneys. These similarities are briefly summar- 
ized in Table I. 

The presence of fairly widespread arteriolosclerosis in cases of per- 
sistent benign human hypertension and the absence of this type of 
change in the arterioles of dogs in the benign phase of persistent experi- 
mental renal hypertension for as long as six years, as well as the finding 
of medial hypertrophy in the small arteries and arterioles in both human 
and experimental benign hypertension, merely emphasize the prob- 
ability that in man the arteriolosclerosis precedes and is not caused by 
the hypertension. Thus, there is adequate indication that experimental 
renal hypertension and human ‘essential hypertension’ are closely simi- 
lar, if not identical, and that results obtained in studies of pathogenesis, 
prevention or cure of the one may be directly applied to the other. 

Much evidence has now accumulated which, both directly and indi- 
rectly, shows that the elevation of blood pressure which follows con- 
striction of the main renal arteries is due to a humoral mechanism of 
renal origin. It has been shown, for example, that renal denerva- 
tion,^-^’®’'^’®® bilateral supradiaphragmatic excision of splanchnic nerves 
and lower four thoracic sympathetic ganglia,®^ subdiaphragmatic splan- 
chicectomy with excision of celiac and upper lumbar ganglia,® bilateral 
section of anterior nerve roots from 6th dorsal to and lumbar inclu- 
sive,®® destruction of the spinal cord®®-®^ and complete sympathectomy, 
including denervation of heart,^*®®-®-’®® neither prevent nor abolish the 
hypertension which results from constriction of the main renal arteries. 
The results of these studies eliminate a nervous reflex from the kidneys 
as the cause of the hypertension and indicate the probable implication 
of a humoral mechanism. 

One of the direct indications that a humoral mechanism is involved 
in the pathogenesis of experimental renal hypertension is the finding®^ 
that if the renal veins are obstructed at the same time that the renal 
arteries are constricted, no rise of blood pressure occurs. Another piece 
of evidence is the finding that when a kidney is transplanted to the 
neck® or groin,®*'’®® with no nervous connections with the rest of the 
body, a rise of blood pressure still occurs when the main artery to the 
kidney is constricted. Similarly, the demonstration,®® ®® that transplanta- 
tion of an ischemic kidney from one dog to the neck of a nephrectom- 
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ized recipient causes an immediate and sustained rise of blood pressure 
as soon as blood is allowed to flow through the anastomosed vessels, indi- 
cates that some substance is washed from the kidney into the systemic 
circulation. Finally, the actual demonstration that the blood from a 
kidney with its main artery constricted is actively vasoconstrictor and 
pressor, whether this constriction is acute or chronic, is proof of the 
existence of a humoral mechanism.'^'®’ 

That renal excretory function remains normal in benign experimen- 
tal renal hypertension^- indicates that retention of nitrogenous 
metabolites is not a causative factor. The observation that bilateral 
nephrectomy, which results in azotemia, causes no elevation of blood 
pressure'^- is additional proof that retention of nitrogenous metabo- 
lites plays no part in the pathogenesis of the hypertension but indicates 
clearly that the presence of the kidneys in the body is a necessary condi- 
tion for the elevation of the blood pressure. 

The Humoral Mechanism 

The early studies on the pathogenesis of experimental renal- hyper- 
tension led directly to a renewal of interest in some old observations 
made in 1898 by Tigerstedt and Bergman^® who found that a saline 
extract of rabbit kidneys had a prolonged pressor effect when injected 
into another rabbit. They named the active ingredient of the renal 
extract “Renin.” In recent years, especially since the production of 
experimental renal hypertension, all of the findings of Tigerstedt and 
Bersrman have been confirmed and extended by a large number of inves- 
tigations which have dealt with the preparation, purification, properues 
-and mode of action of the renal extract which is capable of producing 
an elevation of blood pressure when it is injected intravenously and for 
which the term renin has been generally adopted.'"®-®®'^®^ 

Kenhi: 

Tigerstedt and Bergman found that renin was a protein, not dialyz- 
able and destroyed by heat. They further found that it had a greater 
and more prolonged pressor effect when injected into a bilaterally neph- 
rectomized animal, and that when renin was injected repeatedly, with 
intervals of only a few minutes between injections, it elicited decreasing 
responses of the blood pressure and eventually no response. This pheho- 
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menon they referred to as tachyphylaxis., Since they found that section 
of the spinal cord did not affect the pressor response to an intravenous 
injection of renin, and that renin had no effect on the isolated perfused 
heart, they concluded that its effect was exerted directly on the peri- 
pheral blood vessels. 

In the more recent investigations these findings of Tigerstedt and 
Bergman have been confirmed. The results of further studies on the 
behavior of renin when it is subjected to ammonium sulfate precipita- 
tion and dialysis®®’*’^’''*^ suggest that it is a pseudoglobulin, but this can- 
not be accepted as final until it has been purified and studied by the 
method of electrodialysis. It has also been found’°“ that in an electric 
field renin migrates to the cathode and that the isoelectric point of renin 
lies between a pH of 6.5 to 7.5. 

Renin has not yet been isolated in pure form but various methods 
of extraction and purification have been published,® and 
it has been shown that the purest product so far produced is different 
from the known sympathicomimetic amines in that its action is not 
potentiated by cocaine®' or reversed by ergotamine®®'®^’®® or by piperi- 
domethyl-3-benzodioxane.^®“’^®^ It has also been shown that the action 
of renin differs from that of adrenalin, pituitrin, and tyramine in that 
the pressor response to an intravenous injection of renin is not associ- 
ated with a decrease in peripheral blood flow or fall of skin tempera- 
ture.®®-®^ 

Out of the early recent studies of the physiological properties of 
renin came the discovery that renin is not effective unless injected in- 
travenously and that it has no vasoconstrictor properties when added 
to Ringer’s solution which is being perfused through an isolated organ. 

It is, therefore, not directly a pressor substance. This was a stumbling 
block to the proper understanding of the mechanism of the pressor 
effect of renin when injected intravenously. A study by Friedman, 
Abramson and Marx®® indicated the answer to this problem, for they 
found that when Tyrode’s solution was used for the perfusion of the 
isolated dog’s tail no vasoconstriction occurred when renin was 
added, but that when blood plasma was used as the perfusing fluid the 
addition of renin did produce marked vasoconstriction. This observa- 
tion was followed by the independent and coincidental finding by Page 
and collaborators^®®-^®® and by a group of South American work- 
ers®®-^oo-i^o that the interaction of renin and blood plasma or serum in , 
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vitro results in the formation of a new substance which is an effective 
vasoconstrictor and therefore a pressor substance. Page and collabora- 
tors gave the name “renin-activator” to the substance 'in the blood 
which interacts with renin and called the resultant vasoconstrictor and 
pressor substance “angiotonin”.^“ The South American workers named 
the substance in the blood “hypertensin precursor” and the vasocon- 
strictor and pressor substance “hypertensin”.*’” 

It is of interest to note here some observations first reported by 
Dicker’^” and confirmed by Taquini/^”’^^^ that when the main renal 
artery or the entire renal pedicle was occluded for varying periods of 
time, there was a prompt and prolonged rise of arterial blood pressure 
after the restoration of the renal circulation by release of the renal 
artery or renal pedicle. This contribution has been fully corroborated 
by other investigators.^*’"^^” Taquini^^” also showed that if such a com- 
pletely ischemic dog’s kidney was removed and the clamp on the 
pedicle not released until the renal vessels were anastomosed to the 
carotid artery and jugular vein of a nephrectomized recipient, there was 
a marked rise in the blood pressure of the recipient when the circulation 
in the completely ischemic kidney was reestablished. This same effect 
was observed from the same procedure with partially ischemic kidneys 
from dogs with chronic renal hypertension. The result indicated that 
a humoral mechanism, probably identical, was involved in both cases. 
The study of acute, complete renal ischemia was carried further by 
Prinzmetal and collaborators^*”^’ who demonstrated that renin was 
the agent present in the saline perfusates of such kidneys, and that the 
rise in systemic blood pressure which followed the release of the pedicle 
was therefore due to the liberation of renin into the general circulation. 
These findings have been recently confirmed.^””’ Taquini and Braun- 
Menendez^'-” even demonstrated renin in the systemic arterial blood of 
animals following release of the pedicle of completely ischemic kidneys. 

The discovery that renin is not by itself a vasoconstrictor substance 
and the subsequent finding that it needs a substrate in the blood stream 
with which to produce a pressor substance has thrown light on the 
hitherto obscure phenomenon of tachyphylaxis. Page and co-workers®” 
showed that the reason for the progressive decrease in the response to 
consecutive injections of renin was due to exhaustion of renin-activator 
in the blood. This was confirmed by the South Americans”” who found 
in addition that there is an excess of renin circulating in the blood stream 
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of tachyphylactic animals which, along with the absence of hyperten- 
sin precursor adequately explains the reason for failure to respond to 
further injections of the same substance. 

It has also been shown that the action of renin is not affected by 
hypophysectomy, thyroidectomy, pancreatectomy, gonadectomy, splen- 
ectomy, abdominal evisceration, or destruction of the spinal cord.^®-®- 
It is known, however, that bilateral adrenalectomy- is followed by pro- 
gressive decrease in the response to injections of renin.^-'‘^~* The full sig- 
nificance of this latter finding is not yet completely elucidated. It will 
be referred to briefly again later in this paper. 

It was first noted by Tigerstedt and Bergman that in bilaterally 
nephrectomized animals renin has a more prolonged and striking pressor 
effect and that tachyphylaxis is less pronounced in such animals. This 
has been explained by Page^®*^ and confirmed by the South American 
investigators'*® as due to an increase in the amount of renin-activator 
circulating in the blood scream of such “arenal” animals. 

The indications that renin may be the agent which initiates the rise 
of arterial blood pressure following constriction of the main renal artery 
are further strengthened by correlating the actual effects of intraven- 
ously injected renin on various functions under various conditions with 
similar functions and conditions in animals with experimental renal 
hypertension. These are compared in Table II which shows that the 
physiological effects of renin, when injected intravenously into a nor- 
mal animal, are identical with the observed hemodynamic state of ani- 
mals hypertensive due to clamping of the main renal artery. 

Even more direct evidence as to the role of renin in initiatincf the 
rise of blood pressure which follows constriction of the renal arteries 
is to be found in the demonstration that extracts of kidneys of animals 
with chronic renal hypertension^®'*’ and of kidneys with acute com- 
plete ischemia"® contain more renin than extracts of the opposite nor- 
mal kidneys. Direct proof, however, that renin is concerned in the 
genesis of experimental renal hypertension is furnished by the demon- 
stration of renin in renal vein blood and systemic blood of animals made 
hypertensive by constriction of the renal arteries.'®’ 

Recent studies show that renin plays a part in the maintenance of 
blood pressure after severe hemorrhage and in shock."""® Renin is lib- 
erated from the kidneys and can be demonstrated not only in renal vein 
blood but also in systemic blood."^ The liberation of the renin in these 
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Table II 


Organ or Con- 
dition Studied 

Effect of Intravenous 
Injection of Renin in 
Normal Animals 

Heart Rate 

Unaltered from nor- 

mal.79.92.98 

Cardiac Output 

Unaltered from normal 33 - 123 

Complete Sym- 

Does not reduce B.P. rise 

pathectomy 

due to renin. 136 

Pithing 

Does not reduce B.P. rise 

due to renin.79.92.93 

Hypophysec- 

Does not reduce B.P. rise 

tomy 

due to renin.i99.i22. 127 

Thyroidectomy 

Does not reduce B.P. rise 
due to renin.127 

Gonadectomy 

Does not reduce B.P. rise 
due to renin. 132 

Acute Adren- 

Does not reduce B.P. rise 

alectomy 

due to renin. 93 

Chronic Adren- 

Abolishes B.P. response to 

alectomy 

renin.i22.i23.i2i 

Response restored by 
adrenal cortical extract 
or D.C.S .121 

Bilateral Ne- 

Response to renin 

phrectomy 

greater.79,127. 133.134. 135 

Peripheral 

No decrease during rise of 

Blood flow 

B.P. due to renin.86 

Renal Hemo- 

Direct evidence shows de- 

dynamics 

crease of renal blood 

fl0W.89.92.136 

Indirect evidence of efferent 
arteriolar constriction.89 

Blood Pressure 

Infusion of renin causes 
persistent elevation. 137 

Rise not reversed by 
933F.196.107 

Repeated injections cause 

tach3'phyla.xis.79. 92. 93. 99 

Renin causes no rise in pul- 
monary arterial pressure.i33 


Parallel in Experimental 
Renal Hypertension 


Unaltered from noriiial .20 

Unaltered from normal. -o 

Does not reduce B.P. rise in experimen- 
tal renal hj'pertension.^-23,02,03 

Does not abolish experimental renal h}'- 
pertension.33.61 

Does not prevent or aliolish experimental 

renal hypertension. 138. 12 d 

Does not prevent or abolish experimental 
renal hypertension.52 

Does not prevent or abolisli experimental 
renal hypertension. 130 

Does not reduce rise of B.P. when is- 
chemic kidney of hypertensive dog is 
grafted into neck of normal dog.i^i 

Prevents or abolishes experimental renal 
hypertension. !• 3. 39. 130. 132 

Hypertension maintained in adrenalecto- 
mized dogs treated with adrenal cortical 
extract or D.C.S.39 

Response to grafting of ischemic kidney 
of hypertensive dog greater in nephrec- 
tomized than normal recipient.® 

No decrease in hypertensive rabbits witlj 
renal ischemia. 39 

Direct evidence shows decrease of renal 
blood flow.34 

Indirect evidence of efferent arteriolar 

constriction. 139 

Constriction of renal arteries causes per- 
sistent elevation . 1 

The rise of B.P. due to release of the 
pedicle of a completely ischemic cat kid- 
ney is not reversed by 933F.i9i'ii® 

If a cat is first - rendered tachypliylactic 
to renin, release of pedicle of completely 
ischemic kidne\' is not followed Iry usual 
rise of B.P.iis'i3i 

No rise of pulmonary arterial pressure 
in experimental renal hypertension.i® 


D.C.S. = Deso.xycorticosterone acetate. 
B.P. = Blood pressure. 
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circumstances is presumably due to the hemodynamic disturbance 
which is caused by the fall of blood pressure and which simulates that 
caused by constriction of the renal arteries. 

The Substrate of Renin [Renin- Activator (Preangiotonin) or 
Hypertensin Precursor (Prehypertensin) ] and the 
Nature of its Reaction With Renin 

The substance in the blood stream upon which renin acts was named 
renin-activator by Page and co-workers and hypertensin precijrsor or 
hypertensinogen by Braun-Menendez and his collaborators. If it is even- 
tually proved that the resultant product of the interaction of these two 
substances is the cause of elevated blood pressure, then the specific term 
“hypertensin” of the South Americans will be more pertinent than the 
non-specific term “angiotonin.” However, until the substance in ques- 
tion is actually isolated from the systemic circulation of patients with 
essential hypertension and/or animals with experimental renal hyperten- 
sion, it is well to continue to use both terminologies side by side, but 
to bring them in line we suggest the terms “preangiotonin” for renin- 
activator and “prehypertensin” for hypertensin precursor, which will 
be used in the remainder of this paper. 

Both Page and co-workers and Braun-Menendez and his co-workers 
agree upon the identity and the properties of renin-activator (preangio- 
tonin) or hypertensin precursor (prehypertensin). It has been found to 
be a protein, in all probability a pseudoglobulin rather than a euglobu- 
lin, since it is soluble in distilled water and is precipitated from blood 
serum between 0.34 and 0.6 saturation with ammonium sulfate, findings 
which have been confirmed in our laboratory by Dr. Yale J. Katz. It is 
heat labile, non-dialyzable and not ultrafiltrable and is present in blood 
serum and red blood cells.®“>^°® It is undiminished following hyophy- 
sectomy^^ but we have found that it decreases and finally almost disap- 
pears from the systemic blood of untreated adrenalectomized male dogs. 
Adequate therapy with adrenal cortical hormones or desoxycorticoster- 
one acetate results in a return of preangiotonin (prehypertensin) to the 
normal level. We have also found that it disappears from the blood as 
the result of destruction of the liver. Full details of these studi^ will be 
given in a forthcoming publication on the role of the adrenal glands in 
experimental renal hypertension. Page failed to find any effect on renin- 
activator (preangiotonin) as the result of bilateral adrenalectomy, but 
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he has recently reported that it disappears from the blood when the 
liver is removed or severely damaged by a hepatotoxic substanced^' 

It has been further found both by Page and collaborators, and the 
South American workers that renin-activator (hypertensin precursor) 
is increased in the serum of the bilaterally nephrectomized dog’^’^’'*® and 
exhausted in renin tachyphylaxis. In addition, renin-activator has been 
reported as increased in experimental renal hypertension and human 
essential hypertension.'’®-^^®'^^''* 

The South Americans have found, in addition, that the reaction 
between renin and hypertensin precursor ( prehyp ertensin) is rather 
specific in that the effect, of renin on the substrate in the blood could 
not be reproduced by other enzymes such as pepsin, pancreatin, papain 
or extracts of liver or spleen. They also found that hypertensin precur- 
sor (prehypertensin) was present only in blood globulins and that the 
latter could not be replaced by hemoglobin, casein, milk, egg or blood 
albumin, or by liver, spleen, thymus, testes, lung, heart, skeletal muscle 
or vegetable proteins.***’ 

Subsequent studies with pepsin, however, by Croxatto and Crox- 
atto^**** have shown that pepsin will produce a vasoconstrictor substance 
when it is allowed to act on blood globulins. They showed that the 
pressor substance produced by the action of pepsin was identical in its 
behavior to hypertensin (angiotonin) insofar as this could be chemically 
and pharmacologically determined. This has recently been confirmed 
by Helmer and Page^**^ and by Dr. Yale J. Katz in our laboratory. 

Interesting studies on the specificity of renin and its substrate in the 
blood have been made in a variety of different species by the group of 
South American workers^**”’^**^ by Corcoran, Helmer and Page^''^ and 
others.^^^’^'’**'^*’^ These observations have been conducted on man, 
baboon, monkey, cow, sheep, horse, pig, dog, cat, rabbit, rat, dolphin, 
chicken, duck, snake, shark, toad, aglomerular fish, carp and catfish. 
The results of these studies are best summarized in Table III. 

As to the reaction between renin and preangiotonin (prehyperten- 
sin), this seems to be enzymatic, as is indicated by the following 
known properties of these participants and the characteristics of the 
reaction itself: 

1. Renin is a protein, most probably a pseudoglobulin. 

2. Renin is non-dialyzable and thermolabile (destroyed above 

56° 
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Table III 


Renin, from 
the kidney of: 


Sub.itrate, in 
the blood of: 


-Man 

Baboon 

Monkey 


Cow 

Horse 

Pig 

Sheep 

Dog 

Cat 

Italibit 

Uat 

Dolpiiin 


Carp 

Catfisli 



' -Man 
J Baboon 
Monkey 


Cow 
Horse 
Pig 
Sheep 
, Dog 
Cat 
Rabbit 
Rat 

Dolphin 


Carp 

Catfish 


To produce an- 
giotonin (hyper- 
tensin), which 
causes vasocon- 
striction, or 
^ gives a pressor 
’^response, in 
every one of 
these species 
yet tested, in- 
cluding the poi- 
kilotherms. 


Chicken 

Duck 


Eacl> reacts with own substrate 

— > 


Cliicken 

Duck 


Snake 

'I'oad 

-Vgloinerular 

fish 


Xo demonstrable homologous 
or heterologous interactions; 
therefore no renin or substrate 


Snake 
J Toad 


I -Vgloinerular 
fish 



470 


THE BULLETIN 


3. Only a small amount of renin is necessary in proportion to the 
amount of blood substrate, and the amount of angiotonin (hy- 
pertensin) formed is proportional to the amount of blood globu- 
lins. 

4. The reaction is affected by temperature-, hastened by incubation 
at 37° C. and retarded or stopped at 0° C. 

5. The substrate in the blood is also a protein, non-dialyzable and 
thermolabile.'’'*’ 

6. The end product of the reaction, angiotonin (hypertensin), is 
dialyzable and thermostabile, which indicates that the reaction 
is disintegrative rather than integrative, as is implied by Page’s 
assertion that renin must be “activated.” 

7. The fact that renin, evidently a proteolytic enzyme, may be 
actually replaced by pepsin, a known proteolytic enzyme, is 
further proof of a disintegrative reaction. It may be that renin 
differs primarily from pepsin in that it acts at the natural pH of 
the blood and not in the pH range of pepsin activity, while 
pepsin cannot produce a pressor substance from blood globulins 
in. the pH range of renin activity. 

It is for these reasons that we consider renin an enzyme and prean- 
giotonin (prehypertensin) its substrate. Page^*^® agrees that this is now 
his working hypothesis. 

Angiotonin (Hypertensin) 

The substance formed by the action of renin on preangiotonin 
(prehypertensin) is the final effector vasoconstrictor and pressor sub- 
stance of the humoral mechanism. It was independently discovered both 
by Page and co-workers, who named it angiotonin, and by the South 
American investigators, who named it hypertensin. 

Page and Helmer^^^ have reported the crystallization of angiotonin 
in the form of the picrate and oxalate, but not in uncombined pure 
form, and as yet have not published the melting point of any of these 
crystals or the probable structure of pure angiotonin. Considerable in- 
formation is available, however, about the properties of this pressor 
substance. It is heat and acid stabile, water and alcohol soluble, fluores- 
cent, alkali labile and gives the color reaction for arginine. Its pressor 
effect is immediate, the maximum rise abrupt, and the entire period of 
elevation of blood pressure brief, more like the pressor effect of epine- 
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phrine than chat of renin. Renin gives a slow, maximum rise followed 
by a sustained elevation which may last thirty minutes or longer before 
returning to normal. This prolonged action of renin is assumed to be 
caused by the continuous liberation of angiotonin (hypertensin) due to 
the interaction of renin and preangiotonin (prehypertensin) in the 
blood scream. Page claims that angiotonin, like renin, also induces tachy- 
phylaxis, and that “it needs its own activator”, which he calls angio- 
tonin-activator. He also found that renin destroys angiotonin when 
incubated with it. In addition, the pressor response to angiotonin was 
found to be unaffected by cocaine or atropine, or by pithing or adren- 
alectomy Other studies showed that the pressor response to angio- 
tonin is greatly increased in nephrectomized dogs and that angiotonin, 
unlike renin, causes vasoconstriction when perfused with Ringer’s solu- 
tion through an isolated organ. Later studies proved conclusively that 
the indirect effect of renin and the direct action of angiotonin are 
exerted on the peripheral blood vessels.^*^® 

The South Americans confirmed almost all of Page’s findings with 
regard to hypertensin (angiotonin) but could not demonstrate tachy- 
phylaxis to this substance. They also found that it produced a direct 
vasoconstrictor action, that its action was not reversed by piperido- 
methyl-3-benzodioxane (93 3F) and not affected by vagotomy or by 
excision of the carotid bodies, splanchnic nerv^es, liver, or adrenals, by 
evisceration or by destruction of the medulla.^®^ They found that it was 
dialyzable, soluble in glacial acetic acid, liquid phenol and ethylene 
glycol, and that it was destroyed by pepsin.^® Destruction by pepsin 
indicates that hypertensin (angiotonin) may be a polypeptide, although 
Page and Helmer^^^ claim a negative biuret for angiotonin. Braun-Men- 
endez and co-workers'”” also found that hypertensin was destroyed by 
trypsin and extracts of liver and spleen as well as by fresh normal blood 
serum, and that this ability of fresh serum to destroy hypertensin was 
decreased follotving bilateral nephrectomy. This substance which de- 
stroys hypertensin has been named hypertensinase by the South Amer- 
icans.””’ 

Many studies have now been reported on the physiological effects 
of angiotonin on the blood pressure, heart rate and output, coronary 
blood flow, venous pressure, viscera and renal blood flow and clear- 
ance.'”^'-" In general, these correspond to the effects of the intravenous 
injection of renin in intact animals. Any differences that have been 
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found between the effects of intravenously injected renin and angio- 
tonin may be due to the fact that the angiotonin formed from renin 
in vivo differs in some respects from the angiotonin produced in 
vitro. 

The Evidence for the Existence of Angiotonin- Activatof'. Page 
has statedd^*^ “Since renin requires a second substance in order for it to 
exhibit pressor action, it follows that there is some reaction between 
these two substance to produce a third.” Although Page demonstrated 
that renin and renin-activator form a new substance, angiotonin, yet he 
failed even to postulate the existence of a second new substance as the 
reaction product of angiotonin and angiotonin-activator. 

In reference to angiotonin Page also stated, “It does not appear 
to be the end product of the reaction between renin and renin-activator, 
for it itself is destroyed by further contact with renin.” This statement 
was invalidated by the work of the South Americans,^®" who showed 
that another enzyme contained in renal extract, which they named 
hypertensinase, was responsible for the destruction of angiotonin (hy- 
pertensin) and that highly purified renin does not do it. These findings 
we have verified. They indicate that angiotonin (hypertensin) is the 
end product of the reaction between renin and renin-activator and thus 
further indicate that there is no need for angiotonin-activator. 

In regard to the question of angiotonin tachyphylaxis, which Page 
observed and which he blamed partially on the exhaustion of angioton- 
in-activator, the South Americans’’” do not find this phenomenon in 
intact animals, nor do we. The South Americans and ourselves used the 
natural form of angiotonin produced by incubation of renin with 
serum. The difference in results may be due to the use of crystalline 
salts of angiotonin by Page and collaborators. 

Again in reference to angiotonin-activator, Page said’”” “We employ 
the name, as in the case of renin-activator, to connote that neither renin 
nor angiotonin exerts a pressor action in the absence of their respective 
activators.” It is of interest in this connection to note that angiotonin 
(hypertensin) will cause vasoconstriction in all species so far tested, 
including poikilotherms. Every species, from the kidneys of which renin 
has been extracted, whether this renin was effective in the same or in 
other species, has been found also to possess prehypertensin (preangio- 
tonin) in its own blood. The renal extract of toad and snake,’ ’” pre- 
pared by the method used for the extraction of renin, is not effective 
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in the toad, snake or any other species. Thus the toad and snake con- 
tain no demonstrable renin or prehypertensin. Yet hypertensin (angio- 
tonin) is effective in raising the blood pressure in both snake and 
toad.'"'* It seems far fetched, therefore, to assume the e.\istence of “an- 
gioronin-activator” in animals which do not possess any of the other 
elements of the humoral mechanism of hypertension, yet give a definite 
vasoconstrictor and pressor response to the injection of angiotonin. 

The difficulty of correctly ascertaining just what function Page 
assigns to “angiotonin-activator” or what its place in the humoral mech- 
anism is, may well be gathered from his recent statements that “Angio- 
tonin may be an intermediate in a series of reactions which ultimately 
lead to its destruction, i.e., renin + renin-activator angiotonin -f an- 
giotonin-activator->vaso-inactive substance,”'^" and “It is my guess that 
angiotonin is only one in a series of substances, although probably a key 
substance which are formed when renin is allowed to act.”^'" 

It may be stated, therefore, that further evidence is needed for the 
existence of angiotonin-activator, and that even the demonstration of 
angiotonin cachyphyla.vis'"'' in isolated organs must be differentiated 
from a possible inhibitory to.xic or other effect of the injected material 
on the blood vessels. 

H YPERTE.VSIXASE ( AxGIOTOXIXASE) 

Parly in the course of their studies on the humoral mechanism the 
Soutli .Americans discovered that normal blood serum would destroy 
hypertensin in vitro, and they advanced the name “hypertensinase” 
for the responsible destructive agent. They demonstrated that hyper- 
tcnsinase, which was destroyed by heat (6o° C.) could be separated 
from renin and prehypertensin, both of which are also heat labile, by 
incubating at 37^ C. at a pH of 3.9 for fifteen minutes. Thus they 
showed that if the hypertensinase in renin and serum were first 
destroyed by this method, which leaves renin and prehypertensin unal- 
tered. prolonged contact of renin and prehypertensin then resulted in 
a maximum yield of hypertensin which remained constant despite the 
length of incubation. The optimum pH of hypertensinase activity was 
found to be between 7.5 and 8.5, and its action to be affected by tem- 
perature, for at o" C. its action stops. Thus they believe it to be an 
enzyme. It can be precipitated by half-saturation with ammonium sul- 
fate. but not by dialysis. 
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In their study of the hypertensinase content of various tissues Fas- 
cioio et aP°- found that kidney cortex had 1500, intestinal mucosa 1200- 
i6oo, pancreas and spleen 200, hemolyzed red cells and liver 100 units 
per gram. Serum and plasma (without hemolysis) were found to have 
only about i unit per gram. 

That the kidney may be the main source of the hypertensinase in 
normal blood is indicated by the finding that there is almost a complete 
disappearance of hypertensinase from the blood stream of bilaterally 
nephrectomized dogs.^®“ 

Harrison, Grollman and Williams^^'^'^^® were the first to attempt the 
treatment of experimental renal hypertension with renal extracts, al- 
though they had made no in vitro studies of the action of these 
extracts on angiotonin (hypertensin). Their approach was based on the 
observations that the normal kidney, by some humoral means, might 
play a part in eliminating the hypertensive effect of a contralateral 
ischemic kidney, since the blood pressure of such an animal tends to 
return to normal, and also that when the normal kidney is removed, 
in the presence of the ischemic one, the blood pressure ascends to and 
remains at a much higher level. 

The idea that the normal kidney might play a part in the elimination 
of the “chemical mediator” in experimental hypertension was, incident- 
ally, studied by Katz and Rodbard,^®”'^®" who confirmed the fact that 
the blood pressure falls to normal in six hours after the removal of a 
single ischemic kidney® and also observed that it takes five times as 
long for it to reach normal after removal of both kidneys when one 
or both were ischemic. They believed that the more rapid fall of the 
blood pressure to normal levels in the presence of normal kidney .tissue, 
as contrasted with the slow fall in its absence, might be due to the 
excretion or in vivo destruction of the “chemical mediator” by the 
remaining normal kidney. By constructing a uretero-venous fistula on 
the side of the normal kidney they showed that removal of the opposite 
ischemic kidney was still followed by a rapid, six hour fall of the blood 
pressure to normal, and concluded that the normal renal tissue destroyed 
the “chemical mediator,” since its e.xcretion back into the blood stream 
would have kept the blood pressure elevated for a length of time com- 
parable to that necessary in the absence of any renal tissue.^®" Since 
then, Dexter and Braun-Menendez^®® have demonstrated that the renal 
threshold of renin is too high for excretion of renin to account for the 
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stabilizing role of the normal kidney. 

Independently of Harrison and collaborators, Page and his collabor- 
ators^®^'^®“ reported the treatment of hypertension with renal extracts 
containing angiotonin-inhibitor. The basis of their approach was differ- 
ent from that of the South Americans and of Plarrison and co-workers, 
for they^^^ had previously published their findings that renin and angio- 
tonin tachyphylaxis were both due to more than simple exhaustion of 
renin-activator and angiotonin-activator, and had postulated the pres- 
ence of renin-inhibitor and angiotonin-inliibitor. They believed that it 
was the loss of these two inhibitors after nephrectomy that accounted 
in large measure for the increased sensitivity of nephrectomized animals 
to renin and angiotonin. Although in their first publication they claimed 
that the blood of hypertensive animals treated with their renal extracts 
no longer contained renin-activator or angiotonin-activator,^®^ neither 
this finding nor the existence of renin-inhibitor has been confirmed. All 
of their work was done in vivo, but recently they^®"^’^®® have con- 
firmed the results of Fasciolo and collaborators^®- on the ability of ex- 
tracts of various organs to destroy angiotonin in vitro, which we have 
also confirmed. 

Since the existence of a substance which destroys hypertensin (an- 
giotonin) was first described by the South Americans and shown to be 
due to an enzyme which they named hypertensinase, we believe that 
to keep the terminologies similar, until a final one is adopted, the corre- 
sponding term angiotoninase is apropos for “angiotonin-inhibitor,” for 
the action of the enzyme in question is not that of inhibition of angio- 
tonin, or suppression of renin- or angiotonin-activator, but the actual 
destruction of angiotonin itself. Because of the inconsistency of their 
results, the South Americans^^^ did not publish the effect of treat- 
ment of experimental renal hypertension with renal extracts containing 
hypertensinase. Since it has not yet been shown that the possible anti- 
pressor effect of renal extracts of various kinds that have been used for 
the treatment of hypertension is actually due to hypertensinase (angio- 
toninase) it is well for the present to refer to such extracts as anti- 
pressor renal extracts. 

Friedman^®* demonstrated that renal vein blood from an ischemic 
dog’s kidney contained much less hypertensinase than renal vein blood 
from normal kidneys. This throws light on the earlier experiments by 
Freeman^®® who found that normal dog’s blood would reduce the blood 
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pressure of dogs hypertensive due to constriction of the main renal 
arteries, whereas blood from hypertensive dogs gave no such effect. In 
this case the antipressor effect may have been due to the presence of- 
hypertensinase in normal blood and its diminution in the blood of 
hypertensive animals, just as other previously cited results in bilaterally 
nephrectomized animals may have been due to the absence of hyper- 
tensinase in this condition. 

Non-Specific Pressor and Anti-Pressor Substances 

An indication of the part which the kidney might play, in the elab- 
oration of at least one of the substances involved in the humoral mech- 
anism of hypertension has been given by a series of important studies 
by Bing and collaborators.^'’®'^®^ They have demonstrated that an 
ischemic kidney is capable, by effecting decarboxylation, of converting 
1-dopa (1-dihydroxyphenylalanine), a substance with no pressor prop- 
erties, into hydroxytyramine, a powerful pressor substance. The amount 
of hydroxytyramine formed in the kidney from dopa, only under con- 
ditions of oxygen lack, was found to be proportional to the reduction 
of blood flow through the perfused kidney.^®^ On the contrary, 1-dopa 
added to normal blood being perfused through a kidney with normal 
blood flow was not converted into hydroxytyramine. It is of special 
significance that although liver and intestine also contain l-dopa-deca'r- 
boxylase, yet these organs were unable, even when their circulation was 
reduced, to produce hydroxytyramine from dopa added to the blood. 
Similarly, it is only when the main renal artery is constricted that 
experimental hypertension results in the dog.^*'^’^”^ In further experi- 
ments on artificially perfused kidneys, it was found that the ischemic 
human kidney also converted dopa to hydroxytyramine.^”® The above 
experiments were done with kidneys in vitro, but Bing was also able 
to show that partially or completely ischemic cat kidneys converted 
dopa into hydroxytyramine in vivo.^”“ As the result of these studies 
Bing has not concluded that hydroxytyramine is the cause of, or is in 
any way involved in, the pathogenesis of experimental renal hyperten- 
sion, for he has demonstrated that angiotonin (hypertensin) is destroyed 
by a different fraction of renal extract than is hydroxytyramine, and 
that these two pressor substances are destroyed by different mechan- 
isms.^”” This fact, along with his finding that renin was unable to effect 
decarboxylation of dopa and convert it to hydroxytyramine,’”® helps 
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to emphasize Bing's contention that he does not claim that hydroxytyra- 
mine is the cause of experimental renal hypertension. In this respect he 
has already been misquoted. He has merely intended to show that 
when the blood flow to a kidney has been reduced the organ behaves 
differently than when the circulation is normal and that under these 
conditions it is capable of converting an amino acid, itself without 
pressor properties, into a powerful pressor amine. 

Schroeder and Adams*”’-*’'* have found that tyrosinase, a phenolic 
oxidase, has the power to destroy angiotonin in vitro. In all of their 
tests in which tyrosinase alone was added to angiotonin, and the two 
shaken together, very little oxygen was absorbed and the angiotonin 
lost none of its pressor activity. When a small amount of blood serum, 
however, was added to the mixture of tyrosinase and angiotonin, oxygen 
was rapidly absorbed and the angiotonin was completely inactivated. 
Schroeder and Adams concluded that tyrosinase destroyed the angio- 
tonin, but in the light of our present knowledge it is only fair to con- 
clude that the effect may have been due to the hypertensinase in the 
blood serum and not to the tyrosinase itself. Nevertheless, Croxatto and 
Croxatto*”” found that tyrosinase from mushrooms and amine oxidase 
from the liver of the squid, did destroy the vasoconstrictor activity of 
hypertensin as tested by Laewen-Trendelenberg technique on the toad. 

The presumable destruction of angiotonin by tyrosinase led 
Schroeder*”* to postulate that angiotonin, like adrenalin and tyraminc, 
“may accordingly contain a phenolic group.” On this basis he under- 
took the treatment of experimental and human hypertension with tyro- 
sinase and found that it reduced the blood pressure. Martin and collab- 
orators*”” also found that tyrosinase will lower the blood pressure of 
hypertensive dogs, but added that this effect of tyrosinase was greatly 
enhanced by the addition of catechol.'* How these results are related to 
the antipressor effects of renal extracts in experimental renal and in 
human hypertension is far from clear. When it is realized that such 
substances as typhoid vaccine and sterile milk””” can also cause a reduc- 
tion of blood pressure in experimental renal and human hypertension, 
the intricacy of this phase of the problem of hypertension becomes 
obvious. The present status of the treatment of experimental renal hy- 
pertension is reviewed in full in a forthcoming publication.””” 

* In a personal communication from Dr. Jlyron Prinzmetar"* wc have learned that a mushroom 
tyrosinase preparation, in which the tyrosinase was inactivated by heat, was also effective in producing 
a significant lowering of blood pressure and remission of other symptoms of human hypertension, 
when the extract was administered by intramuscular injection. 


478 


THE BULLETIN' 


Summary 

It has been demonstrated that after constriction of the main renal 
arteries to a sufficient degree to produce experimental renal hyperten- 
sion, renin, an enzyme, is liberated into renal vein blood. It has been 
shown that this enzyme, renin, interacts with preangiotonin (prehyper- 
rensin) a pseudoglobulin substrate in systemic blood, probably produced 
by the liver in the presence of an adequate amount of functioning 
adrenal cortical tissue, to form the final effector vasoconstrictor and 
pressor substance, angiotonin (hypertensin) . It has also been demon- 
strated that the physiological effects of the intravenous injection of 
renin are identical to the hemodynamic alterations found in experimen- 
tal renal hypertension and in human essential hypertension. It follows, 
therefore, that the humoral mechanism noted above may also be respon- 
sible for the elevation of blood pressure in human essential hyperten- 
sion. Although the demonstration in hypertensive blood of vasocon- 
strictor substances which may possibly be related to this humoral mech- 
anism, has been reported, the proof that angiotonin is the responsible 
agent, awaits its isolation from the systemic blood of human beings with 
hypertension. 

In addition to renin, preangiotonin (prehypertensin) and angiotonin 
(hypertensin) which are involved in the humoral mechanism of experi- 
mental renal hypertension, a fourth factor, hypertensinase (angiotonin- 
ase) has been discovered. Although this substance, an enzyme, destroys 
angiotonin (hypertensin) in vitro, there is no proof yet available that 
it is effective in lowering blood pressure in man or animals with hyper- 
tension. It has not yet been shown that the anti-pressor renal extracts 
with which hypertension is said to have been lowered in man and 
animals are rich in hypertensinase and inactive when this enzyme is 
destroyed. The exact nature of the effective substance in anti-pressor 
renal extracts which have been used in the treatment of hypertension, 
remains to be elucidated. 
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RECONSTITUTED MILK* 


1. Definition 

Reconstituted iiiilk is a fluid resembling 
ordinarj' milk in appearance iind taste; it 
is prepared from butterfat, dried skim 
milk and water by means of emulsif 3 Mng 
apparatus. Wlien prepared by exposure to 
temperatures of 150'= F. or less, skim milk 
powder preserves its emulsifj'ing qualities. 
Such low temperatures cannot be used in 
the process of drying wliole milk since lipo- 
lytic enzymes are not destroyed at these 
temperatures and they react on the milk 
fats with a tendenc}' to the development 
of ranciditj'. Temperatures above 175° F. 
are necessar_y to preserve the fat of dried 
whole milk in the powdered state. High 
temperatures coagulate the milk proteins 
and make them insoluble. Tlie particles re- 
main suspended in the water and tlie taste 
of the milk is objectionable. For this .rea- 
son whole dried milk and evaporated milk 
are unsatisfactory as beverages. The term 
“reconstituted milk,” therefore, as used here, 
refers to a palatable emulsified fluid made 
of butterfat, of skim milk dehydrated at a 
temperature of 150° F. or below, and of 
water. 

2. Coniparhon with Fresh Milk 

Analyses of the reconstituted milk sup- 
plied us by Dr. Charles E. North were 
made in the laboratories of two of the 
members of the Subcommittee. Tliese bear 
out the evidence of other laboratories that 
the chemical and nutritional components 
of reconstituted milk are the same as of 
fresh milk except that there is a diminu- 
tion of vitamin C. The pH of the milk as 
well as the mineral content, although vary- 
ing slightl}' from sample to sample, ap- 
peared to correspond witii those in fresh 
milk. 

The metliods of production of reconsti- 
tuted milk are wholly susceptible to ad- 
justments with regard to tlie amount of 

* Report by Subcommittee of the Commit- 
tee on Public Health Relations of The 

New York Academy of Medicine, March 

21, 1942. 


butterfat in the milk and as to sanitary 
requirements. Reconstituted milk can be 
pasteurized in tlie same way as ordinarj' 
milk. The quality of the constituents of 
the milk can be adequately supervised. In 
other words, nutritionally, chemicall}', and 
bacteriologicallj', and by taste, reconstituted 
milk can be , made the equal of natur.'d 
milk. In saying this the Subcommittee is 
not concerned with the question of whether 
or not reconstituted milk should be encour- 
aged where ordinary milk is available in 
adequate quantities to meet the needs of 
the community. 

3. The Field of Usefulness of Reconstituted 
Milk 

The greatest field of usefulness for recon- 
stituted milk is in areas removed from dairy 
cattle regions, in sub-tropical and tropical 
climates, and on ships and in army can- 
tonments under war conditions. It can be 
used as a subsidiary supply in large com- 
munities during periods of milk shortage, 
and, if it be true that it can be sold at 
much lower prices than regular fluid milk, 
its availability to people of small income 
may become a matter of considerable im- 
portance. 

By dehydrating skim milk and storing it 
for future use during the spring and early 
summer when milk is particularly abundant 
and rich in butterfat, the national economy 
is improved and wastes are eliminated. It 
must also be borne in mind that reconsti- 
tuted milk can be made anywhere by the 
use of proper apparatus and thus the need 
of shipping water in milk is obviated. 

4. Experiments with Reconstituted Milk 

During the latter part of World AVar 
I the subject of milk dehydration, and of 
milk reconstitution aroused great interest. 
Experiments in the use of reconstituted 
milk were carried out, including clinical 
tests at the Babies’ Hospital in New York 
and elsewhere. The experiments showed 
that adults as well as babies can thrive on 
reconstituted milk made of properh safe 
guarded ingredients. 
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THE EVOLUTION OF OUR PRESENT 
KNOWLEDGE OF H YPE R S EN S I T I VE NE S S * 


Bret Ratner 


Clinical Professor of Pediatrics, Nev\‘ York University College of Medicine 


the light of the fact that the hypersensitive reactions 
are often of startling intensity and the onset of symptoms 
most sudden, it is not to be wondered at that the notice- 
able contrast between the reaction of the idiosyncratic 
and other persons against one and the same agent has 
commanded attention from time immemorial. The condition of hyper- 
sensitiveness per se was recognized at a very early period.^ Greek and 
Roman authors described the phenomenon by the term “idiosynkrisie” 
which is used today. Galen employed the term “idiopathy.” The 
thought of the time, as is evidenced in this terminology, centered about 
attempts to gain an insight into constitutional deviations of the idio- 
syncratic, emphasis apparently being placed upon individual disposition 
rather than upon environmental factors. Though the dawn of the uven- 
tieth century ushers in the true beginnings of our present knowledge 
of allergy, we might pause a moment to reflect that no new discovery 
is ever so entirely original that it does not have its roots in the past. 

Elliotson," in London, in 1831, was the first to seek an etiologic 
factor in the pollens of the blossoming grasses. This work, taken up 
by Blackley^ in Manchester in 1873, was greatly extended by the latter’s 
use of the “skin and mucous membrane tests, inoculation of flower dust 
into scarified skin, and inhalation of pollen. Blackley’s publication 
stated that a disease described by John Bostock^ in 1819 as a “periodical 
affection of eyes and chest” and later as “catarrhus aestivus” was viewed’ 
etiologically as a “pollen catarrh” and that this was related to those 
idiosyncrasies which were known even in Galen’s time as “rose cold.” 
There was little opposition to the “pollen theory.” Dunbar,“ in 1903, 
confirmed the findings of Elliotson and Blackley and corrected the 
impression of the English authors on two important points, namely, that 
hay fever sufferers were hypersensitive during the non-pollinating sea- 
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son, and, secondly, that there was a relative specificity of pollen 
idiosyncrasy. 

Some of the early observations are of interest in showing how in- 
evitable the discovery of anaphylaxis was with the introduction of the 
experimental method. Scattered communications appeared which were 
concerned with increased reactions produced by repeated injections, of 
foreign materials. In 1890, Koch® first clearly demonstrated the phe- 
nomenon of hypersensitivity to a specific substance in his experiments 
with tuberculin. We glean from Morgenroth^ that in 1839 Magendie 
observed that white rabbits easily tolerated a first injection of albumin 
but that some days later they could not tolerate the injection of a sim- 
ilar dose. Flexner® (1894), too, observed that rabbits, surviving a first 
injection of dog serum without a symptom, some days or weeks later 
died when given an equal or even smaller dose. Behring,® in 1893, study- 
ing the effects of diphtheria toxin on guinea pigs, showed that these 
animals, once injected with the toxin, became in certain cases intensely 
sensitive to it; but he did not consider the phenomenon either general 
among the injected animals or common to all poisons. Studying immu- 
nity particularly, he considered hypersensitivity a “paradoxical reac- 
tion.” He made the statement that horses, under immunization, possess- 
ing large amounts of antitoxin in their blood showed hypersensitive- 
ness to the toxin. These animals in all probability did not develop symp- 
toms referable to the specific action of the toxin injected, for toxin is 
never injected in a pure state. The symptoms were, therefore, most 
probably due to the associated materials in the media. In 1894, Arloing 
and Courmont^® noted that successive injections of donkey serum pro- 
duced toxic effects in man. Courmont,^® in ipoo, noted that on inocu- 
lating guinea pigs with successive and very weak doses of the effusion 
of tuberculous pleurisy, the animals died before receiving a quarter 
of the total dose they originally took as a single injection, without 
ill effect. 

These investigators did not realize that they had stumbled upon a 
phenomenon not heretofore described or named. It was Charles Richer, 
the French physiologist, who in 1902 recognized the novelty of the 
phenomenon so many others had chanced upon yet did not compre- 
hend, and it was he who correlated his observations and followed them 
out to their logical conclusions. 

Yet, it is interesting to recall that in 1898 R.ichet^“ himself com- 
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pletely missed his opportunity while he and Hericourt were studying 
the effects of eel serum on dogs. He noticed that the second injection, 
and the third even more markedly, made them sick and waste away. 
Richer admitted later that he did not understand the significance of 
this result and contented himself with supposing there was increased 
sensitivity without attempting to analyze the phenomenon. Opportu- 
nity knocked at his door once again, which happens more often than 
we are ready to believe. As Richet^^ so aptly remarked in his book, “The 
Natural History of a Savant,” one can work a life time on a problem 
and develop nothing of fundamental importance, yet occasionally one 
may chance upon a great discovery after but a short period of work. 
So it was with his discovery of anaphylaxis. He chanced upon a phe- 
nomenon in biology which bids fair to take its place amongst the great 
discoveries and for which he received the Nobel Prize. It has opened 
the door to the understanding of a host of conditions which afflict 
mankind. In this sense then we can say that the dawn of the 20th century 
is the true beginning of our basic knowledge of hypersensitiveness. 

Richet’s^^ discovery was made in the course of his study of toxins 
with which he attempted to immunize dogs. Animals which withstood 
the lethal dose were later again injected with the same toxin. It was 
these reinjection experiments which drew his attention to the peculiar 
phenomenon to which he gave the name “anaphylaxis.” The experiment 
which led to his discovery will be briefly quoted here. 

“During a cruise on Prince Albert of Monaco’s yacht, the Prince and 
G. Richard suggested to P. Portier and myself a study of the toxic prop- 
erties of the Physalia found in the South Seas. On board the Prince’s 
yacht experiments were carried out, proving that an aqueous glycerin 
extract of the filaments of Physalia is extremely toxic to ducks and rabbits. 

On returning to France, I could not obtain any Physalia and decided to 
study comparatively the tentacles of actinaria, which resembles physalia 
in certain respects and are easily procurable. O'ving to the kindness of Y. 
Delage, I was able to obtain a large quantity; the tentacles cut close to 
the body were placed in glycerin and thus we had in Paris several liters 
of an intensely toxic fluid, the glycerin dissolving and extracting the active 
principle. While endeavoring to determine its toxic dose, we soon discovered 
that some days must elapse before fixing it, for several dogs did not die 
■ until the fourth or fifth day or even later after administration. We kept 
those which had been given a dose insufficient to kill, in order to carry out 
a second investigation upon them when they had completely recovered. 

“At this point, an unforeseen event occurred. The dogs which had 
recovered were intensely sensitive and died a few minutes after the admin- 
istration of subsequent small doses. 

“The most tjqsical experiment, that in which the result was indisput- 
able,- was carried out on a particularly healthy dog named “Neptune.” He 
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was given at first 0.1 c.c. of the glycerin extract without becoming ill; 
twenty-two days later, as he was in perfect health, I gave a second injection 
of the same amount. In a few seconds, he was extremely ill; breathing be- 
came difficult, and he was panting. He could scarcely drag himself along, 
lay on his side, was seized with diarrhea, vomited blood, sensibility dimin- • 

ished, and he died in twenty-five minutes.” 

It has always been a source of wonder to me that Richet should 
have discovered anaphylaxis with a substance that was highly toxic and 
that this discovery should have been consummated in the dog, for • 
WeiP“ and others have since shown that anaphylaxis is difficult to in- 
duce in the dog. 

Richet’s observation was first attributed to toxin accumulation, and 
yet, he stated that the symptoms of this reaction differed greatly from- 
primary intoxication studies. His systematic investigations revealed that 
the described phenomenon is produced at least 2 or 3 weeks after the 
first injection, which definitely excluded the cumulative concept. Richet 
determined that the first toxin injection in his animals not only caused 
no antitoxic immunity but rather that it produced an increase in the 
toxin sensitivity which was manifested after the course of a certain 
incubation period. The first toxin injection did not act “pfophylacti- 
cally” in these animals, but in contrast, as Richet termed it, “anaphy- 
lactically.” The first toxin injection transformed the animals into a 
state of “anaphylaxis” (without protection). 

On the heels of Richet’s discovery came Arthus^® (1903) 
onstrated that a non-toxic protein may also produce hypersensitiveness. 
According to the pioneer observations of Arthus, rabbits react neither 
to subcutaneous, intraperitoneal nor intravenous primary injections of 
horse serum. On the other hand, when rabbits previously sensitized to 
horse serum are reinjected intravenously, very severe symptoms appear 
almost immediately which may lead to anaphylactic death in two to 
four minutes. If the horse serum is injected subcutaneously at six-day 
intervals, resorption of the serum takes place after the first three of 
such injections. However, after the fourth injection, infiltration appears 
which finally develops into necrosis, sequestration and abscess forma- 
tion. This, Arthus described as local anaphylaxis, known today as, the 
“Arthus Phenomenon.” The use of the terms “local” and “general” ana- 
phylaxis leave no doubt that Arthus identified his observations wit 

those of Richet. u . i 

■ His experiments were successful not only with horse serum but a so 
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with cow’s milk. However, rabbits sensitized with the one substance 
were unharmed hy the other, thereby demonstrating the specificity of 
anaphylaxis. Since Richer and Arthus resorted to such varied stuffs as 
the toxic actino congestin and nontoxic cow’s milk and horse serum, it 
became evident that anaphylaxis could be produced with substances 
which are very different from each other in chemical properties and 
in physiological action. 

Many substances and various animal species were subsequently used 
to demonstrate anaphylaxis and yet, not until the guinea pig was utilized 
were really decisive results obtained. The guinea pig became the experi- 
mental animal of choice in this field after Theobald Smith^^ made the 
following observations (1905). In the course of his work on the stand- 
ardization of diphtheria antitoxin, Smith noted that guinea pigs, which 
several weeks before had received a dose of diphtheria toxin and anti- 
toxic horse serum, showed severe symptoms or died immediately after 
reinjection with several cc. of normal horse serum. Ulrich Friedemann^® 
who was working in Ehrlich’s laboratory informs me that although such 
reactions in guinea pigs to repeated injections had been observed for 
some time, no particular interest was evoked until Ehrlich returned to 
his laboratory in Germany after a visit to Smith in America. He sug- 
gested to Otto,^“ one of his assistants, that he work on this problem. 
Otto called it the “Theobald Smith Phenomenon.” One is tempted to 
feel that Otto, the German, preferred to credit an American rather than 
the Frenchmen, Richet and Arthus, with this fundamental discovery. 

Because of the ease with which this phenomenon could be produced 
in the guinea pig, the work stimulated by Smith awakened a tremendous 
and widespread interest in the subject of hypersensitiveness. The same 
conclusions as Smith’s were drawn by Rosenau and Anderson-® in 
America, and in rapid succession by many others. 

The first recorded foreign serum injection into man, that of lamb 
blood, was given in 1667, by Deins.-^ No ill effects were ascribed to this 
introduction of foreign serum, until the beginning of the 19th century, 
when the intravenous introduction of lamb blood was discovered to be 
accompanied by grave danger, resulting in high fever, emboli, bleeding 
and hemoglobinuria. The cause for these reactions was first explained 
by Landois-- and Ponfick, in the latter part of the rpth century, but 
their explanations were concerned with incompatibility of blood cells. 
At about this time, urticarial eruptions were obser^^ed to occur several 
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days after transfusions. Dallera"* described a case of a girl with “hysteri- 
cal mania” whose whole body was covered with urticaria ten days after 
transfusion. Other reports soon followed. Because of the ill effects of 
lamb blood transfusions, animal blood transfusions were almost com- 
pletely abandoned. Dominicis,-'* in 1895, revive their use. Milk 

transfusions were' also attempted but soon disappeared from medical 
annals because they were found to be useless and dangerous. 

Since Pasteur’s discovery, in the middle of the 19th century, that 
infectious agents are the cause of certain diseases, attempts have been 
made to aid the body in specifically neutralizing invading bacteria and 
accelerating the mechanism of immunity. This has given rise to the 
use of antitoxic and antibacterial sera obtained from other animal 
species. In 1894, the treatment of diphtheria with antitoxic horse serum 
had been introduced by Behring. 

LublinskP® was probably the first to publish a case of exanthem 
after the injection of a therapeutic serum. An eight-year old girl, on 
the second and third days of her illness, received injections of 0.3 cc. 
Behring’s diphtheria antitoxin. On the fifth day of her illness there was 
a red area around the site of the injection. Nine days after the last 
injection she developed high fever, multiple and painful joint swellings 
with a widespread multiform erythema and a macular eruption. This 
severe syndrome lasted for four days. With the recession of the exan- 
them the joint pains and swelling diminished. 

Experimentally Johannessen"® gave proof that the active agent in 
the production of these sequelae was not inherent in the antitoxic con- 
tent, but something in the horse serum itself since the same symptoms 
were produced in non-diphtheritic persons with normal horse serum. 
A large number of publications appeared in the literature with respect 
to this syndrome which was called “serum exanthem” because of the 

cardinal symptom of skin eruption. 

But no careful analysis of this condition was made until von Pirquet 
and Schick-'^ published their classic monograph in 1905, “Serum Krank- 
heit.” The new term, serum sickness, included all the other symptoms 
besides the exanthem. They explained the clinical manifestations in 
the following way. Foreign serum acts on man as an antigen. Antibody, 
which develops in the organism as a result of the antigen, upon union 
with the horse serum produces the symptoms. Serum sickness is there- 
fore an in-vivo, antigen-antibody reaction. The incubation period e- 
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pends upon the completion of the appearance of the antibodies and the 
presence of horse serum still remaining in the blood. 

An hnportant step in linking up the mechanism of serum sickness 
with allergy was the work of Hamburger and Moro-® who, in 1903, 
demonstrated that precipitins resulted after the introduction of foreign 
serum. 

Little notice might* have been taken of the experiments of Richet 
and Arthus on anaphylaxis in its application to man had not von Pirquet 
and Schick found that reinjection of serum at some later date results in 
immediate ' and accelerated reactions, which phenomenon they called 
“allergy”— altered reaction. Charles Richet did not easily forgive von Pir- 
quet for coining the term allergy, for, he argued, is not anaphylaxis suffi- 
cient to describe the phenomenon in both animal and man? One can ap- 
preciate his feelings, but usage and euphony have given to allergy the 
greater popularity. Furthermore, von Pirquet"® used the term allergy in 
a broader sense than Richet, who considered anaphylaxis only from the 
standpoint of hypersensitiveness to foreign proteins, von Pirquet included 
all reactions to foreign proteins and infectious agents and laid the 
groundwork for our understanding of the relationship bervveen allergy 
and immunity. One is in the best of company, however, whether one 
adheres to the term allergy, or prefers anaphylaxis. 

The immediate character of the anaphylactic reaction described by 
Richet and Arthus would therefore in the light of von Pirquet and 
Schick’s work be explained on the basis of the presence of previously 
formed antibodies. This conception of serum sickness and anaphylaxis as 
vital antigen-antibody reactions has served to elucidate many varied phe- 
nomena which at first appeared widely divergent but were later shown 
to depend on this basic concept. In the short period between 1902 and 
1910 practically all the principles of hypersensitiveness were laid down. 

One cannot deny that many diseases have been controlled through 
the use of antisera, but in their wake have come not only the relatively 
harmless serum disease, but the more serious serum allergy and ana- 
phylaxis. Though the reaction to the invasion of foreign materials is 
purely a physiological one, the tempo of reaction is invariably accel- 
erated. A knowledge of these reactions should lead to a more intelligent 
management of disturbed conditions that result paradoxically from a 
beneficent curative procedure. 

For practical clinical purposes— so far as danger to life is concerned- 
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primary contact with foreign substances should always be carefully 
distinguished from secondary or repeated contacts. But, whether pri- 
mary serum sickness or serum allergy are under consideration the basic 
similarity of their mechanisms must be kept in mind. Thus after primary 
contact with a foreign substance nothing transpires until an incubation 
period elapses, during which time specific antibodies are formed. When 
this supervenes, the foreign substance still present in the body reacts 
with the newly formed antibodies and the signs and symptoms of serum 
sickness become manifest in the different tissues. On the other hand, by 
allergy is meant the reaction which ensues when antibodies are present 
in the tissues as a result of previous contacts and when the specific 
antigen again enters the body a reaction takes place immediately or 
shortly thereafter without a prolonged incubation period. 

Whether the invading foreign substance is a serum, food, inhalant, 
drug, or hormonal extract, the body response in each instance is funda- 
mentally the same, differing only with respect to the tissues directly 
involved. From all of this, it must be apparent that the organism is so 
constructed that it continually impedes the invasion into the circulation 
of materials that cannot be utilized by the body economy. There are 
periods, however, when the organism fails to prevent the entrance into 
the body of inimical agents, such as bacteria, viruses, chemicals, toxins, 
and foreign proteins. When such invasions of foreign agents do occur, 
the organism may become either (i) damaged or destroyed, (2) allergic, 
or (3) immune. 

There is a growing impression that allergy inevitably precedes a 
state of immunity.^" Immunity, however, is not static, and an individual 
immune at one time may again become allergic. These changing con- 
ditions in the same individual depend largely on whether the antibodies 
are anchored to cells alone— the allergic state, or whether the antibodies 
are present in greater abundance in the circulation, neutralizing the anti- 
gen before it reaches the antibody containing cells— the immune state. 

Another factor of great importance is that when the invasive sub- 
stance is a viable antigen, such as a bacterium, it multiplies in the body 
and thus complicates the situation by destroying tissues through the 
production of endotoxins and exotoxins. On the other hand when the 
substance is -not viable— serums, foods, pollens, etc.— and therefore non- 
multipliable, no destructive lesions result, and the reaction is dependent 
entirely on the actual amount of antigen which invades the body at 
that particular time. 
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The evolution of our present concept of allergy is thus unfolded. 
But a small part of the story has been told, as may well be imagined. 
Some may question my omission of such developments as the anaphylo- 
toxin theory, the protein cleavage concept, atopy, the histamine basis 
for allergy, the Schultz-Dale phenomenon, Otto’s and others’ work on 
passive anaphylaxis, the heterophile studies by Friedemann and others, 
the work emanating from the Prausnitz-Kiistner phenomenon, and our 
own work on congenital hypersensitiveness and experimental asthma. 
iVIy main purpose, however, was to show that this subject— whether we 
speak of it as hypersensitiveness, allergy, anaphylaxis, atopy or any other 
term that has been devised— is not young. The course of its growth has 
not been direct, and amongst the deviations have been the develop- 
ments above named. Each has undoubtedly added something to our 
general knowledge, but to them we must assign a minor role. 

As I see it, the major role in this ubiquitous drama is played by the 
antigen-antibody tissue reaction. We may sum it up simply as follows. 
A substance, foreign to the body economy, which in and of itself , is 
harmless when entering the body for the first time, may produce a dis- 
turbance upon subsequent invasion. This is due to an interaction. be- 
tween the specific antigen and its related antibody which has been 
elaborated and become fixed to the smooth muscle cells of some ormn 
or organs in the interim between the primary and secondary invasions 
of the antigen. The union produces cellular irritation with concomitant 
spasm and probable physico-chemical reactions of the sensitized tissue. 

The type of syndrome produced depends upon the characteristics of 
the tissue irritated. Such a Unitarian concept is supported by a wealth 
of sound obsen’^ation. It enables us to conceive how such varied syn- 
dromes as serum sickness, eczema, hay fever, asthma, disturbances of 
the gastrointestinal tract, central nenmus system, the liver and other 
organs, are all manifestations of the one phenomenon— a simple union 
of antigen and antibody with differing chemical, physiological and 
pathological secondary effects. 
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^^HE environment again concerns the investigator. Begin- 
ning with the studies of Paul Bert, HeUer, Mager, von 
Schrotter, and Haldane knowledge has accumulated 
slowly upon the effect of high pressures on the diver and 
jS caisson worker. The investigations conducted in the 
physiolog)’^ laboratory of the Harvard School of Public Health in col- 
laboration with the late Louis A. Shaw, and then at the Experimental 
Diving Unit, Navy Yard, Washington, D. C., have serv’^ed to make pos- 
sible rescue and salvage operations incident to a submarine disaster. 

Recently these studies have clarified some of the puzzling pheno- 
mena obser\"ed in hisrh altitude flight. In this lecture I shall outline the 
physiologic factors that enable divers and aviators to work in a pressure 
environment of 16 atmospheres or in a rarefied medium of 0.20 of an 
atmosphere, respectively. Of especial interest are the quantitative studies 
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Fig. 1 — Schematic representation of the body showing the volumetric 
relationship between the excess fat and the true body mass. 

These data form the, basis for the diagram — 

Analysis of the true body mass, specific gravity=1.099 

Specific Weight % Volume % 


Substance Gravity Total mass Total mass 

Bone 1.560 15 10.5 

Essential Fat 0.940 10 11.7 

Tissue 1.060 75 77.8 


The addition of excess fat amounting to 10 per cent of total body 
weight reduces the specific gravity of the true body mass from 1.099 to 
1.080; 20 per cent additional fat lowers the specific gravity to 1.062; 
and 33.3 per cent additional fat lowers the specific gravity to 1.036. 


pertaining to the absorption or elimination of gaseous nitrogen which 
in turn have permitted estimates of fat content and composition of the 
body of the healthy, adult male. 

With reference to the schematic diagram, Figure i, protoplasm can 
be compressed or placed in a rarefied atmosphere without demonstrable 
effect provided that the pressure is equally distributed. Since air or other 
gaseous media are necessary for compression, interference with the free 
movement of gas, particularly in the channels leading to sinal and aural 
spaces, dilates blood vessels and produces hemorrhage into the occluded 
spaces. These painful but circumscribed effects of pressure are of minor 
importance, however, compared with the phpiologic response brought 
about by the disturbance in gaseous equilibria whenever pressure fluc- 


tuates. 
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1. The Major Effects of High Barometric Pressure 

I. Nitrogen Narcosis.— As the pressure is raised in an air atmo- 
sphere the ambient gases are absorbed by the circulating blood and 
transported to the other tissues of the body. Apart from the possible 
difficulty in opening the normally closed auditory tubes, it is perceived 
that as the air is warrned by the heat of compression, its increased 
M’cight calls forth greater respiratory effort which may interfere tem- 
porarily with the normal elimination of carbon dioxide. The outstand- 
ing phenomenon is that the previously normal individual loses his ability 
to function efficiently.^-- 

Thus, the individual subjected to a pressure of 4 atmospheres, equiv- 
alent to a diving depth of 100 feet, begins to experience symptoms not 
unlike those elicited by altitude anoxia or alcoholic intoxication. Expe- 
rienced divers, for example, are able to estimate diving depth within a 
range of 25 feet “by the way they feel.” This feeling manifests itself 
as an impairment in neuromuscular coordination as well as a slowness 
and unreliability in cerebration. Essentially greater effort is required to 
perform work. 

The agent responsible for the narcosis is “atmospheric nitrogen” 
including argon. When pure o.xygen instead of air was breathed at a 
depth of 100 feet, the retardation, at least for short periods of time and 
prior to the onset of .the symptoms of oxygen poisoning, was mini- 
mized. The employment of helium, moreover, to replace atmospheric 
nitrogen abolished or rendered negligible the adverse effect and proved 
that a rather ideal atmosphere could be created compatible with effici- 
ent work at depths up to 500 feet, and at a pressure not supporting 
consciousness were air breathed. By contrast, when argon was substi- 
tuted for atmospheric nitrogen, the inhaled mixture at high pressures 
elicited reactions similar in type but more intense than those manifest 
in compressed air. Elementary gases, therefore, that are wholly innocu- 
ous at normal pressures may render an individual completely helpless 
in a high pressure atmosphere. 

Tlic explanation of the action of nitrogen and argon is to be sought 
in some physical property' since argon does not possess valence and 
hence like helium, is incapable of entering into any stable chemical 
combination. Of the obvious physical properties solubilit}^ in oil and 
molecular weight may be important. 
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Table I 

ARGON, HELIUM, NITROGEN, AND OXYGEN SOLUBILITY IN WATER 
AND IN OLIVE OIL AT 38° C., AND THE RESPECTIVE 
OIL WATER SOLUBILITY RATIOS 


Water 


Argon 

Helium 

Nitrogen 

Oxygen* 

1 

0.0262 

0.0087 

0.0127 

1 

0.023 

Olive Oil 

Argon 

Helium 

Nitrogen 

■ Oxygen 

0.1395 

0.0148 

0.0667 

1 

0.112 


Oil Water Solubility Ratios 


Argon 

Nitrogen 

Helium 

Oxygen 

5.32: 1 

5.24: 1 

1.7: 1 

4.9: 1 


* Sendroy, J., Jr., Dillon, R. T. and Van Slyke, D. D. /. Biol. Chem., 1934, 105:507. 


The data in Table I are in accord with the Meyer-Overton hypoth- 
esis relating anesthetic effectiveness to far solubility. The consideration 
that the higher molecular weights of nitrogen and argon might interfere 
with cellular gaseous metabolism particularly with carbon dioxide dif- 
fusion and transport has not yet been supported^ by experimental data. 

The employment of hydrogen with a solubility coefficient in oil 
considerably higher than that of helium, may lead to the solution of 
the problem, or at least to an evaluation of the role that fat solubility 
in comparison with molecular weight assumes in the etiology of this 
type of narcosis.^ 

2. Phenomena of Oxygen Toisonhig.—Tht increased partial press- 
ure of oxygen in the air at great depths, the employment of oxygen as 
the basis for the decompression of divers and the treatment of com- 
pressed air illness, have necessitated extensive tests of oxygen tolerance. 

At a pressure of i atmosphere pure oxygen has been inhaled by 
healthy men for periods as long as 17 hours without injurious effects. 
On the other hand, some individuals have complained of substernal dis- 
tress and irritability following the inhalation of pure oxygen for periods 
of 7 hours. In one individual sensitivity to oxygen was manifest by the 
formation of wheals, dermatographia, flushing of the face, and later by 
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I'i}'. 2 — Perimetric iiieusureiiicnts m:ule before and after S'/; hours' 
oxygen brentfiing at 3 atniosp/ieres’ pressure (30-ib. gauge). A, normal 
field limits; determinations made with the Ferree-Rand perimeter and 
e.xposurc method with 7 foot-candles illumination. B, C, and D, field limits 
5, 23, and 30 minutes, respectively, following hours' oxygen breathing; 
observations made at atmospheric pressure with a black perimeter of 
25 cm. radius illuminated by a blue bulb placed behind and above the 
observer’s head; moving stick stimuli were used and cheeked by the e.x- 
posure metliod; test object was a white disc G nun. in diameter. 
From Bchnke, Forlies, ;md ^fotley, .■/>«. J. Phyniol., I9.%3-3G, 7i);i3G. 


the development of dermatitis. Remission of symptoms was hastened 
by the administration of histaminase. The action of a histamine-like sub- 
stance, as postulated by Campbell,^ e.xplains many of the to.xic symp- 
toms associated with the inhalation of o.xygen and suggests an’ approach 
to the solution of tlic problem. 

At a pressure of 3 atmospheres the o.xygen taken up by the blood 
in physical solution is sufficient to meet tissue requirements so that 
hemoglobin is not reduced.^ Periodic waves of nausea constitute the 
most frequent symptom at this pressure together with the appearance of 
facial pallor. Progressive contraction of the visual fields terminating in a 
transient amblyopia has been repe;iredly obsen'cd during the fourth 
hour of c.xposure.’' Although vision is temporarily lost, a measure of 
consciousness is retained and recovery begins immediatelv upon the sub- 
stitution of air for o.xvffcn as illustrated bv Figure 2. 

\\ henever doubt arises os to the habitability of a given environment, 
the decisive criterion is ability to work. An excellent test therefore of 
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resistance to the toxic effects of oxygen at a pressure of 3 atmospheres 
consists in having subjects exercise on a bicycle at a rate sufficient to 
increase oxygen consumption fourfold over the basal state. Test runs 
of this character are usually terminated after 15 to 20 minutes by ex- 
treme fatigue, numbness of the lower extremities, and in one instance 
by an abortive convulsive seizure. In control runs this type of exercise 
can be maintained without undue fatigue for a period of one hour. • 

In man, at a pressure of 4 atmospheres severe convulsive seizures 
occur after about 45 minutes of oxygen inhalation. Perhaps no other 
induced physiologic disturbance of comparable severity is followed by 
such prompt and complete functional recovery. Essentially oxygen 
induces transient idiopathic epilepsy in the apparently normal indi- 
vidual. 

For periods of 27 minutes men have repeatedly inhaled oxygen at 
4 atmospheres pressure with no other symptoms than a sensation of 
cerebral fulness and some degree of mental torpidity. Under these cir- 
cumstances the excess quantity of oxygen taken up by the blood stream 
and held in solution in the tissues during a period of 17 minutes may 
augment oxygen absorption by 159 cc. per minute, a 55 per cent in- 
crease compared with the consumption during a control period. In the 
circulating blood of dogs exposed to 4 atmospheres pressure the oxygen 
in physical solution- in arterial blood was 7 volumes per cent while 
the oxygen dissolved in the mixed venous blood was at times as high 
as 3.6 volumes per cent. 

In the dog repeated daily seizures over a period of 21 days do not 
exert a detrimental effect on the well-being of the animal in that weight 
remains constant, appetite and muscular activity are unchanged. The 
tests indicate that tolerance for high oxygen pressure is developed be- 
cause the exposure time necessary to produce the seizure is increased. 
Of particular interest are the recurrent strychnine-like seizures indica- 
tive of involvement of the spinal cord. During these attacks which are 
particularly apt to occur during the second diurnal exposure, the eyes 
turn outward, the whole body becomes rigid, the extremities spread 
apart, and opisthotonus supervenes. Tetanic contractions of the dia- . 
phragm stop respiration. These attacks may recur from four to twelve 
times per minute.-The reflex excitability of the nervous system is greatly 
heightened since tactile, auditory, and visual stimuli serve to initiate the 

tetanic seizures. 
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Although these disturbances are severe, in view of the rapid recov- 
ery and the considerable latent period preceding onset of the symptoms, 
it has been possible to utilize oxygen in the prevention and treatment 
of compressed air illness. 

3. Field Application— The observations made in the laboratory 
soon governed field practice during diving operations -in submarine 
disasters. 

In 1939, divers breathing air at a depth of 240 feet in salvage work 
on the U.S.S. Sqnalus, suffered lapses of memory, mental confusion, 
and occasionally loss of consciousness. It proved to be not only danger- 
ous but futile to work within a maze of hose and cables at a depth of 
240 feet in an atmosphere of air.'^ 

As in the laboratory, so also in the field, the substitution of helium 
for 'nitrogen rendered negligible the impairment in neuromuscular co- 
ordination and enabled divers to work efficiently when under 7 atmos- 
pheres of pressure. The successful termination of the salvage operations 
was made possible only by the employment of helium. 

In 1940 a second submarine disaster occurred in water 440 feet 
deep. Although the pressure at this depth was sufficient to crush the 
hull of the disabled craft, divers breathing a mixture of helium and oxy- 
gen reached the bottom and were able to survey the sunken vessel. 
These divers, in spite of subjection to a pressure of 14 atmospheres, 
felt well and had little difficulty in performing the work required in 
descent and ascent to a depth corresponding closely to the height of 
the Washington monument. 

II. Manner of Absorption or Elimination of Inert Gas 

I. Animal Experimeiits.— The basic consideration concerned with 
existence in an abnormal pressure environment is the absorption and 
subsequent removal of inert gas. In this connection all of the gaseous 
nitrogen appears to be dissolved in fluids and fat in the ratio of i to 5 
except for a small additional amount due to the presence of hemoglobin 
in solution. This molecular nitrogen can be removed from the tissues 
and measured if the body is placed in an oxygen atmosphere. Knowing 
the volume of the system and taking periodic samples it is not difficult 
to ascertain the quantity of nitrogen originally present in the 'tissues. 

Dogs anesthetized by the injection of a suitable drug serve well for 
such experiments. If the first 7 minutes of an experiment be utilized to 
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Fig. 3— Nitrogen elimination from 4 dogs placed in 
an oxygen atmosphere at normal pressure. During the 
first 7 minutes of oxygen inhalation the lungs and 
apparatus were rinsed free from nitrogen. (From 
Shaw, Behnke, Messer, Thomson, and Motley, Am. J. 



' Fig. 4 — The nitrogen elimination of dog “D” following 

equilibrium exposures in air at 1, 3, and 4 atmospheres 
of pressure. The nitrogen eliminated during the first 
8 minutes of oxygen inhalation was not collected. 

Curve A, desaturation from 1 atmosphere; curve B, 
desaturation from 3 atmospheres; curve C, desatura- 
tion from 4 atmospheres. O, experimental values; X, 
theoretical values. (From Shaw, Behnke, Messer, 

Thomson, and Motley, Am. J. Physiol., 1935, 112:54:5.) 

rinse the lungs and apparatus free from nitrogen, then during a subse- 
quent period of 3 to 4 hours the dog’s body becomes nitrogen free. 
Figure 3 represents a number of nitrogen elimination curves obtained 
on several dogs subjected to such a procedure at normal barometric 
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Fig. 5 — Saturation time compared with desaturation time. 

Dog “D.” The nitrogen eliminated during the first 7 minutes 
of oxygen inhalation was not collected. Curve A, follows com- 
plete saturation at 1 atmosphere; curve B, follows 67 minutes’ 
saturation at 1 atmosphere; curve C, follows complete satura- 
tion at 4 atmospheres; curve D, follows 67 minutes’ satura- 
tion at 4 atmospheres. (From Shaw, Behnke, Messer, 

Thomson, and Motley, Am. J. Physiol., 1935, 772:545.) 

pressure. The fact that dog “G” was fat and dog “A” was lean is re- 
flected by the large difference in the nitrogen content of the dogs in 
proportion to body weight. 

If the dog is now placed in compressed air undl saturation with 
ambient nitrogen has been attained, the nitrogen absorbed can be col- 
lected in the manner previously described. From a series of exposures 
in compressed air, utilizing the same dog “D,” it was observed from 
the plotted data of Figure 4 that the amounts of nitrogen recovered 
following decompression from 3 and 4 atmospheres respectively, were 
proportional to the pressure. These results are in accord with Henry’s 
law. 

In another series of tests the rate of nitrogen absorption was com- 
pared with that of nitrogen elimination. Dog “D” was first rendered 
completely nitrogen free in the manner represented by curve A, Fig- 
ure 5. For a period of 60 minutes the dog breathed air and following 
the air inhalation it^vas again placed in an atmosphere of oxygen. The 
amount of nitrogen absorbed during the 60-minute period of air in- 
halation, curve B, Figure 5, is equal to the quantity originally elimi- 
nated during the same period of time. 

The same type of experiment was repeated at a pressure of 4 atmos- 
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pheres and again it was demonstrated that within the limits of experi- 
mental error, the manner of nitrogen transport is the same either to or 
from tissues. 

Gaseous Nitrogeii in Relatio?t to Fluid and Fat Content of the 
Body.— If the body of dog “D” be subjected to analysis for the quan- 
tity of water, fat, and solid constituents, these values are obtained, body 
weight=i2.234 K., weight of fat*= 1.889 K., weight of dry solids 
= 3.117 K., weight of water (by difference) ==7.228 K. If these weights 
are multiplied by the appropriate solubility coefficients, the total nitro- 
gen content of the body can be computed. Corrected for a pressure of 
570 mm., for the density of fat, and for the decreased solubility of gas 
in body fluids when other dissolved substances such as salts are pres- 
ent, the coefficients adapted from Table I, are 52 cc.** per kilo of fat 
and 9 cc.t per kilo of fluid. 

The nitrogen dissolved in the fat therefore is equal to 1.89 X 52, or 
98 cc., and in fluids, 7.23 X 9, or 65 cc. The total nitrogen is 163 cc. or 
1.3 cc. per kilo of body weight. 

The quantity of nitrogen recovered from dog “D” was 124 cc. The 
difference between 163 and 124 cc. represents the estimated quantity 
of nitrogen given up during the first 7 minutes or rinsing period, and 
is in agreement with values based upon extrapolation of the experimen- 
tal curve, that is 30^5 per cent of the body total. 

In practice, in order to avoid the use of extrapolated values, the 
quantity of nitrogen for the 7-minute period is taken as equal to the 
measured quantity obtained from the seventh to the twentieth minute 
as shown in columns 5 and 6, Table II. 

The total nitrogen content of the body as measured by our tech- 
nique, is distributed between fluid and lipid constituents of tissues. 

Estimation of the Fat Content of the Body on the Basis of Measure- 
ments of Nitrogen Elimhiation.—in laboratory studies of gas absorption 
or elimination, it is of great importance to obtain an accurate estimate 
of the fat content of the body. From the discussion in the previous 
paragraph it is apparent this estimate can be made on the basis of meas- 


* Substances soluble in carbon tetrachloride. . 1 1 f-it In 

** In the original paper a value of 55.7 cc. was used on the basis of analysis of omental uoff • 
all subsequent analyses we have used olive oil as a more convenient solvent since it 
absorbing capacity similar to that of body fat for nitrogen. . . -..-*- 1 -. 

t In the original paper the value of 9.54 was used as the nitrogen solubility t Hj.y of 

It is more appropriate for body fluids, however, to use a coefficient approaching the 
nitrogen in serum. In urine analyses there is a decrease of 0.01 volume per cent ot b 
every two units increase in specific gravity. The value of 9 is closer to the true value 
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urement of nitrogen recovered from tissues and a knowledge of the 
water content of the body. The variability, however, in the amount of 
fat in different individuals renders invalid the employment of fixed 
percentages to denote the relative amounts of such body constituents 
as water. 

This difficulty can be overcome by dividing the fat into an essential 
portion comprising such substances as myelin in the spinal cord, fat 
in bone marrow, lecithin, cholesterol and other lipid or lipoid matter 
essential in body economy, and a portion consisting of excess adipose 
tissue. 

If one considers then that there is a basic body structure exclusive 
of excess fat as constant in composition as blood, which constitutes the 
true body weight, this weight can be divided into the following rela- 
tively fixed percentages: for the dog, water==63, solid substances =2 7, 
and essential lipids=io; for man, reflecting in part the difference in 
integument, water=66, solid substance=24, and essential lipids=io. 

For the percentage of water in the body a tentative value of 60 may 
be used based on the analysis of dog “D.” 

The true body weights then of a series of dogs as well as the 
amounts of excess fat can be computed in the following manner using 
the data from dog “D” as an example: ' . 

Body weight— 12.23 X 60=7.23 weight of fluids. 

7.23 X 9=65 cc. nitrogen in the fluids. 

163 — 65=98 cc. nitrogen dissolved in fat. 

98 - 4 - 52 = 1.89 kilos, weight of body fat. 

10/9 (12.23 — i.89) = i’i. 5, true body weight. 

189—0.10 (ii.5)=o.70, excess fat. 

7.23 1 1.5 X 100=63, percentage of water in true 

body weight. 

The analytical data for the series of dogs are presented in Table II. 

An initial value for water content of 60 per cent of the gross body 
weight may require some correction if the percentage of fluids in re- 
lation to true body weight is to be maintained at 63. With reference 
to dog “G,” for e.xample, a value of 60 per cent of total body weight 
for water content results in a final percentage of water of 71 in the 
true body weight, column ii (Table II). Having determined the 
gross amount of body fat, it is not difficult to make the minor correc- 
tions in the division of nitrogen so that the water percentage in relation 
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Fig. 0 — Total Na A, represents the average of the values for 
nitrogen elimination from 3 men (average weight 64 k) who 
breathed pure oxygen at atmospheric pressure. “Water” Nj (B) 
and “Fat” Nj (C) are hypothetical curves showing the absorption 
or elimination of nitrogen by the body solvents. The values for 
nitrogen on A are approximately the sum of corresponding values 
on B and C. (From Behnke, U. S. Nav. M. Bull., 1937, 35:219.) 


to true body weight is 63. The large difference between the solubility 
coefficients of nitrogen in water and in fat permit this correction with- 
out invalidating the estimate for fat. Of primary interest is the method 
of analysis rather than the attempt to maintain any given, fixed per- 
centages in the calculations. 

2. Measurements in Man.—\i a human subject is placed in an en- 
larged oxygen recirculating system similar to that devised for the dog,^“ 
the gaseous nitrogen can also be removed from the tissues. Figure 6 
shows the manner in which nitrogen is eliminated by lean men of com- 
paratively small stature, average weight 64.2 kilos, if 99 per cent oxy- 
gen is inhaled for a period of 6 hours. It is observed that the rate of 
nitrogen output is about one-half of the corresponding rate for the dog, 
an anticipated finding in view of the comparative circulatory rates in 
relation to body weight. 

If blood flow throughout the body were distributed uniformly with 
respect to the nitrogen content of tissues, the values of curve A could 
be derived from an e.xponential equation of the form — Y = (i-~e— 
which expresses the relationship that a constant percentage of the nitro- 
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Fig. 7 — Diagram of apparatus used to measure gas eliminated from the 
lungs and gas diffusing through the skin. 

1, clamp on iron bars; 2, used to seal open end of rubber bag; 3, designed 
to fit around the body serving as a gas-tight seal; 4., rubber helmet and 
collar secured with adhesive tape around the subject’s neck; 5, canister 
with absorbent for water and COj cooled witir ice; 6, spirpmeter for meas- 
uring added oxygen; 7, spirometer; 8, fan to circulate oxygen, bearing en- 
cased in oil to exclude air. Dotted lines indicate connections to a second sim- 
ilar system. (From Behnke and Willmon, J. Physiol., 1940-41, J3J :627.) 


gen present in the body is being eliminated throughout the entire period 
of oxygen inhalation. In the equation Y = the amount of nitrogen elim- 
inated during the time interval t; A = the initial nitrogen content of 
the body; k = the rate of change in the slope of the curve; and e is the 
base of the natural logarithms. The expression, i— e— “‘j gives the per- 
centage decrease of nitrogen in the bo’dy during the time interval, t. 

If the experimental values plotted on curve A, Figure 6, be substi- 
tuted in the equation, the value for k is found to decrease progressively; 
a decrease that indicates that blood flow is not distributed uniformly in 
relation to the nitrogen content of tissues particularly in relation to fat 
which has a high nitrogen capacity and a poor blood supply. Thus, at 
the start of oxygen inhalation the average nitrogen pressure in the 
blood tends to fall below the nitrogen pressure in the fatty tissues which 
desaturate slowly. Consequently, the percentage rate of nitrogen eli- 
mination decreases. 

However, if the total nitrogen content of the body is divided ac- 
cording to its solubility in water .and in fat, then an equation can be 
applied similar to the one discussed in the previous paragraph but con- 
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Fig. 8 — Desaturation rate for man, comparing nitrogen 
with helium. During the first 45 minutes, gaseous re- 
moval takes place from the body fluids, and subse- 
quently from the body fat. The solubility coeflBcients 
for helium and nitrogen are expressed as cubic cen- 
timeters of gas, reduced to standard conditions, dissolved 
per cubic centimeter of solvent, temperature 38° C. 


sisting of two component parts, one for fat and the other for the body 
fluids. . . . 

“Fluids” “Fat” 

¥=364 (i— e— ') plus 500 (i— e— 

The values for k will vary for different individuals on the basis of 
elimination rate and division of nitrogen between water and fat. 

The previously described tests were terminated at the end of 6 hours 
so that the endpoint for nitrogen elimination was not known with cer- 
tainty. Several years later, by means of the system outlined in Figure 
7, it was possible to collect nitrogen from the tissues for periods as long 
as rj hours. Table III gives the results of a test in which the subject, a 
diver weighing 70 kilos, breathed oxygen for a period of 15 hours. 
The data plotted in Figure 8 agree well with those obtained in the 
earlier tests if allowance is made for the difference in fat content of the 
subjects. 

2. Cumieo 7 is Di^usion of Garey.— Diffusion as a fundamental prop- 
erty of gases would lead one to expect some movement of gaseous mole- 
cules through skin.^^ This can be demonstrated by the arrangement, Fig- 
ure 7, to permit the inhalation of oxygen in a hood while the body 
is surrounded by the same or an indifferent gas. In a representative ex- 
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Tauijj III 

NITROGEN ELIMINATION FOR A DEEP SEA DIVER, 
AGE 32, WEIGHT 154 POUNDS, HEIGHT 69 INCHES 


Time 

Total 

eliminated 

Nitrogen\ 
difusion 
into system 

Net nitrogen 

min. 

cc. 



0-5* 

(150) 


(150) 

5-65 

481 

47 

434 

65-701 

(25) 


(25) 

70-130 

228 

47 

181 

130-135t 

(12) 


(12) 

I35-I95 

158 

47 

111 

195-200^ 

(^) 


( 7 ) 

200-260 

122 

47 

75 

; 260-265t 

( 5 ) 


( 5 ) 

; ' 265-325 

85 

47 

38 

325-330J 

(2) 

1 

(2) 

330-390 

72 

47 

25 

390-395t 



(-) 

395-455 

53 

47 

6 

460-^520 

52 

47 

! 5 

525-585 

47 

47 

j 

Body surrounded by oxygen 



Total 1070 

595-655 

46 



660-720 

33 



725-785 

34 



790-850 

24 



Body surrounded by air 




855—905 

48 




* Lung rinsing period. Estimated value of nitrogen elimination for this period. ,,ihlnr 

t Diffusion of nitrogen into system includes atmospheric nitrogen diffusing through rubucr t > 
helmet, spirometer water seal, and nitrogen diffusing through the skin. Igitro-’en 

J Represents a period of lung rinsing whenever a shift was made m spirometer systems. i o 
elimination values estimated for these periods. 
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TEMPERATURE 


Fig. 9 — Cutaneous diffusion of helium in relation to temperature, meas- 
ured as cubic centimeters of helium recovered from the lungs per hour 
when the body is immersed in a helium atmosphere, pressure 700 mm. 
The numbers 1 to 5, refer to different subjects. The encircled values were 
obtained after the previously heated ambient helium had been cooled to 
29° C. (From Behnke and Willmon, Am. J. Physiol., 1940-41, 157:627.) 


periment following the prolonged inhalation of o.xygen and when the 
body appeared to be nitrogen free, the substitution of oxygen for the 
ambient air in the bag brought about a sharp reduction in the quan- 
tity of nitrogen recovered from the lungs amounting to about lo to an 
cc. per hour, Table III. This quantity of nitrogen, however, is only' 
one-third to one-fifth the amount that one would expect to recover 
were diffusion sufficiently rapid to establish equality between the pres- 
sure of ambient nitrogen and its pressure in the skin and subcutaneous 
vessels. 

The rapid diffusion of helium indicates the cutaneous penetration 
of gas. In experiments when helium was breathed, it was possible to 
recover from the lungs only about two-thirds of the helium, estimated 
on the basis of solubility in fluid and lipid constituents, to be present 
in the body following saturation in a helium atmosphere. Further, the 
demonstration that helium diffuses rapidly from the urine contained 
within the bladder walls of divers subjected to rapid decompression 
from high pressure, suggested that the outward diffusion of helium 
tiirough the skin accounted for the one-third or greater discrepancy 
bet\yeen the pulmonary measurements and the estimated helium con- 
tent of the body. 
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If the subject breathes air or oxygen in a hood and the body is 
surrounded with helium, then a constant volume of helium will be 
excreted by the lungs after 30 to 60 minutes, provided that the tem- 
perature of the gas in contact with the skin is controlled. 

In Figure 9, the relationship is apparent between the helium col- 
lected in the spirometer and the temperature of the ambient helium in 
the bag surrounding the subject’s body. The abrupt linear rise in the 
amount of gas diffusing through the skin in the range of 28° C,, and 
upward is explained chiefly on the basis of increased cutaneous blood 
flow. There is in fact a close correspondence between the computation 
of peripheral blood flow on the basis of heat loss from the body as 
demonstrated in the calorimeter, and on the basis of diffusion of helium 
through the skin. In contrast with nitrogen, the diffusion of helium is 
so much greater that equality appears to be established promptly be- 
tween the pressure of the ambient helium and its pressure in the skin 
and underlying blood vessels. 

3. The Helimii Elivmmtion Curves.— li the nitrogen that is carried 
away from the tissues after the first 40 to 60 minutes of oxygen inhala- 
tion has its depot in fatty tissue then helium possessing a low fat solu- 
bility coefficient should be eliminated faster and in smaller quantities 
during a corresponding period of time.^" Following exposure in a 
helium-oxygen atmosphere it is observed that the absorbed gas leaves 
the body in about one-half of the time required for nitrogen removal 
and that the plotted data, Figure 8, resemble the nitrogen curves char- 
acteristic of the dog. The amount of helium both in percentage of the 
body total and the actual quantity eliminated after the first hour are 
small compared with nitrogen. During exercise sufficient to increase 
oxygen consumption threefold, almost all of the helium was eliminated 
during the first 15 minutes, and after 40 minutes 90 per cent of the 
helium had left the body. 

4. The Field Test of Decovipression.— There is yet a better way 
to demonstrate the difference in the capacity of fat to absorb nitrogen 
compared with helium. In diving operations and caisson work the length 
of time required for decompression is a good index of the quantity and 
rate of removal of gas absorbed in the tissues. 

Although about 75 per cent of the total body nitrogen is given off 
at a comparatively rapid rate in depths up to 100 feet, and hence does 
not usually contribute to the development of “bends,” there appears 
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Tabue IV 

COMPARISON OF TOTAL DECOMPRESSION TIME FOLLOWING 
EXPOSURE IN COMPRESSED AIR AND EXPOSURE 
IN A HELIUM-OXYGEN ATMOSPHERE 




Recompression* 

Depth 

Exposure 

Air 

Helium-oxygen 

ft. 

min. 

1 


90 

100 

50 

75 

90 

ISO 

. . . 

77 

90 

360 



79 

90 

SM 

638 

79 

150 

80 

141 

121 

ISO 

180 * 


126 

150 

360 


128 

200 

65 

217 

154 

200 

90 


164 


* Time in minutes. 


to be a relatively small amount of gas dissolved in the fat of bone mar- 
row and in the spinal cord that requires many hours for removal. Fol- 
lowing an exposure of 9 hours (probable saturation) in compressed air 
simulating a depth of 90 feet, a period of 10 14 hours was required for 
decompression. On the other hand, a 2-hour exposure (75 per cent 
saturation) at the same depth required only 60 minutes for decom- 
pression. In tissues other than bone marrow and the spinal cord, gaseous 
diffusion and a greater circulation of blood tend to equalize nitrogen 
pressure throughout the body. Axe the greater nitrogen uptake, the 
limitation of diffusion by bony walls, and the sluggish, sinusoidal cir- 
culation the factors responsible for the slow decompression necessary 
after long exposures in compressed air? 

By contrast, the properties of helium render this gas ideal for diving 
3tid the decompression time following saturation in a compressed 
helium-oxygen atmosphere is not only greatly reduced but no appre- 
ciable decompression is required in excess of one hundred minutes’ ex- 
posure as shown in Table IV. With reference to helium, the period of 
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decompression of 79 minutes stands in contrast with the corresponding 
period of 10^2 hours required for air. Thus, the test data obtained from 
rapid decompressions corroborate the laboratory analysis as to the con- 
trasting behavior of nitrogen and helium. 

III. Physical Qualifications for Work in Abnormal Pressures 

I. The Altitude Tolerance Terr.— The selection of individuals re- 
sistant to “bends” and other ills incident upon decompression has been 
difficult. A priori, one might select men devoid of excess fat since 
every kilogram of adipose tissue absorbs 52 cc. of nitrogen per atmo- 
sphere of pressure. A second important consideration, in view of the 
manner of gas transport, would be circulatory efficiency in the sense 
of good cardiac output and adequacy of collateral circulation. Degree 
of cardiovascular tone and age therefore would appear to be important 
criteria. Yet susceptibility to “bends” could not be predicated on the 
basis of these qualifications alone. Essentially it was necessary to know 
for each individual his resistance to the ill-effects of decompression by 
means of a specific test. 

To meet this practical need, individuals were exposed to an atmo- 
sphere equivalent to a depth of 100 feet for a period of 28 minutes. 
The subsequent rapid decrease in pressure to normal during a period 
of 2 minutes induced symptoms in susceptible individuals but the test 
had obvious disadvantages in that, not only was an undetermined quan- 
tity of nitrogen absorbed during the 28-minute period of exposure that 
fell far short of saturation, but symptoms elicited by the test required 
recompression treatment. 

These disadvantages were overcome by an experiment in which the 
‘normal barometric pressure was decreased rapidly in what may be 
termed an altitude tolerance test.^^ The simulated altitudes to be reached 
range from 30,000 to 40,000 feet at a rate of ascent of 5,000 feet per 
minute, and the duration of stay at the designated altitude is one hour 
unless aeroembolism supervenes. Oxygen was breathed continuously m 
these tests. 

The results of sixty tests indicated that twenty-eight divers and avi- 
ators were able to remain free from symptoms at or above an altitude 
of 34,000 feet. On the other hand, thirty-two divers and aviators de- 
veloped “bends” and occasionally incipient asphyxia. The lowest alti- 
tude at which symptoms occurred was 27,000 feet. Areas of old injury 
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proved to be frequent sites for the location of the characteristic pain 
associated with “bends.” This test has served to classify aviators as to 
their ability to remain free from symptoms at altitudes above 30,000 
feet, and deep sea divers as to their resistance to compressed air illness. 
The divers, for example, who descended to depths of 440 feet in search 
of a disabled submarine, and ascended safely to the surface, were men 
who were able to remain free from symptoms for a period of one hour 
at a simulated altitude of 40,000 feet. 

2. The Specific Gravity of the Body as an Index of Obesity .—Om 
problems as analyzed in this lecture are intimately concerned with the 
amount of fat in the body. Measurements of the nitrogen dissolved in 
the tissues yield data which may be used to estimate fat content but 
the procedure is too tedious for routine determinations. 

A direct method that serves effectively is the measurement of the 
specific gravity of the body as a whole, essentially a determination of 
the density of corporeal tissue in relation to unit volume.^^’^“ This ob- 
jective is attained by weighing an bdividual in air and in water.^ The 
relationship between the loss of weight in water and the weight in air 
is an index of the density of the tissues. The influence of fat, possessing 
as it does the lowest density of any body constituent, is apparent. 

It is not necessary to go into details as to procedures. It sufiices to 
state that the proper method, taking due care to measure the residual 
air volume, has enabled us to classify men as to their degree of obesity 
on the basis of the outlined principles. Fat men tend to float in water 
and values in the range of 1.030 for specific gravity are characteristic 
of these individuals. On the other hand, for a group of lean men in the 
Naval Service, average weight 150 pounds, the mean specific gravity 
was 1.080. For a group of professional football players, although theit 
weight was 200 pounds, the mean specific gravity was also i.o8o±o.ooi. 
This fact tends to shou'^ that it is the inherent composition of tissue 
rather than the absolute weight that governs specific gravity. 

3. The Composition of the Httman Body.—li has been helpful in the 
study of the effect of the abnormal pressure environment on the indi- 
vidual to consider the body as a mass of essential tissue separate from 
the excess fat. In the completion of our analysis various fragments of 
knowledge can be assembled into a mosaic that reveals the composition 
of the true body mass as relatively constant under controlled conditions 
for individuals of the same sex and age groups, realizing that eventually 
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Tabi^ V 

COMPOSITION OF THE BODY 


Substance 

Specific 

gravity 

Water 

Solid constituents 

Basic body composition 
equivalent combinations 
sp. gr. 1.099-1-0.001 

Percentage 

Specific 

gravity 

Substance 

Percentage 




Per Cent 






Blood 

1.060 

80 

20 

1.4 










1 

^Tissue 

75.0 

Tissue 

1.060 

80 

20 

1.4 


Bone 

15.0 







1 

[Fat 

10.0 

Bone 

1.56 

30 

70 

1.68 




0.5 1 

Calcium 









salts 

3.00 




fTissue 

82.5 

1 






{ Bone salts 

7.5 

0.5 1 

Tissue 

1.060 

80 

20 

1.4 

{Fat 

10.0 








Water 

66.0 








Solids 

16 5 

Fat 

0.94 




1 

Bone salts 

7.5 


i 






[Fat 

10.0 

Body as a 

1.099 

66 

(16.5 

n.4 


[Water 

66.0 


whole 



\ 7.5* 

{3.0 

•< 

Solids 

24.0 








[Fat 

10.0 


* Calcium salts in bonev 


quantitative analyses will define the range in variation of such consti- 
tuents as bone and fluids. 

The true weight of the body, therefore, as represented by Figure 
I, is assumed to consist of 15 per cent bone, 10 per cent essential lipids, 
and 75 per cent tissue. The specific gravity of this mass then can be 
computed on the basis of the following data: 

Bone is frequently analyzed as containing 50 per cent mineral sub- 
stance, largely calcium salts to which a specific gravity value of 3 may 
be assigned. The other half of bone amounting to 7.5 per cent of the 
body weight may be classed as tissue. 

The specific gravity of the lipids is of the order of body far, 0.94, 
a value obtained e.xperimentally on the basis of actual fat loss in relation 
to specific gravity. 

For tissues a value for specific gravity of 1.060 is the same as that 
obtained by repeated determinations of whole blood withdrawn from 
the above mentioned test subjects. Analyses for individual tissues ac- 
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Tabm VI 

EFFECT OF EXCESS FAT ON THE SPECIFIC GRAVITY OF THE BODY 


Basic 

composition 

Weight 

units 

Volume 

units 

Specific 

gravity 

1 Specific gravity determinations 

of 174 Naval personnel 

No. 

men 

Range of 
specific 
gravity 

Difference thoracic, 
abdominal circum- 
ference 

Tissue 

75.0 

70.75 


■ 



Bone 

Essential 

i 15.0 

9.62 


9 

1 


lipids 

lO.O 

10.70 

1 

■ 




100.0 

— 

1 

1.099 

1 

21 

1.090—1.099 

7.2 

10 per cent 

100.0 






excess fat 1 

11.1 

1 

11.82 1 

i 

30 

1.080—1.089 

6.3 


111.1 

102.89 

1.080 

41 

1.070-1.079 

5.5 

20 per cent 

100.0 

91.07 ' 


1 



excess fat 

25.0 

20'.60 


41 

1.060-1.069 1 

5.2 


125.0 

117.67 

1.062 

31 

! 

1.050-1.059 

4.3 





5 

1.040-1.049 

4.2 

33.3 per cent 

100.0 



3 

1.030-1.039 

0.9 

excess fat 

50.0 

H 


2 

1.020-1.029 

-0.1 


150.0 

1M.83 

1.036 





cording to Vierordt/** give values of the order of 1.014 for pericardium 
to 1,1219 for tendon; e.g., muscle, 1.05 1, brain, 1.040, liver, 1.057. 
tissue it may be assumed that the distribution of water and solid con- 
stituents is in the ratio of 80 to 20. In accord with this distribution the 
specific gravity of the solid residuum is 1.40. 

The analysis of the composition of the body is summarized in 
Table V, showing the values used for blood, tissue, bone, fat, and 
solid constituents. The basic composition of the body can be analyzed 
in several ways as long as the ratios of the constituent substances or 
their equivalents are not altered with respect to body weight. The same 
value for specific gravity of 1.099, representing the true body mass, is 
therefore applicable to any group arrangement of constituent sub- 
stances, as shovm in the table. 

If to the true corporeal structure, excess adipose tissue be added in 
percentages of 10, 20 and 33.3 of the total body weight, the respective 
values for specific gravity will be 1.080, 1.062, and 1.036 corresponding 
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Taiile VII 


BODY COMPOSITION AND SPECIFIC GRAVITY OF A DEEP SEA DIVER 
COMPUTED FROM THE GASEOUS NITROGEN CONTENT OF THE BODY 

(See T.nble III, Page 576) 

Body weiglit = 70 kg. Total nitrogen 

Weight fluids =70 X 0.60 

“Water” nitrogen = ■12 X 9 
“Fat” nitrogen = 1076 — 378 

Weight fat = 698 ^ 52 

True body weight = 10/9 (70 — 13.-1.) 

Excess fat =70 — 63 

Weight water 

Ratio 

True bodj’ weight 

= 1,076 cc. 

= 42 kg. 

= 378 cc. 

= 698 cc. 

= 13.4 kg. 

= 63 kg. 

= 7 kg. 

= 66 6 

Correctioiu ! — 


Water, 0.66 X true body weight 
“Water” nitrogen == 4.58 X 9 
“Fat” nitrogen = 1076 — 374. 

= 41.58 kg. 

= 374 cc. 

= 702 cc. 

Specific gravity of the body, computed — 

True body weight Weight (units) 

Water 41.58 

Fat 6.30 

Solid eon.stituents 15.12 

Volume (units) 

41.68 

6.77 

9.00 

63.00 

57.35 

SPECIFIC Guavity = 63 -r- 57.35 = 1.098 

True body weight plus excess fat = 63 + 7 57.35 + 7.53 =r 1.079 

Specific gravity of the diver’s body as determined by the 
method of water displacement = 1.060 


to the division of Naval personnel into three groups on the basis of 
high, intermediate, and low specific gravity measurements. 

On the basis of determinations of specific gravity the value of 1.099 
is higher by two units than the top figure obtained in a series of 200 
tests in which healthy individuals between the ages of 20 and 40 served 
as subjects. Men possessing the highest values therefore have no excess 
fat and their bodies contain only about 10 per cent by weight of lipid 
matter that is regarded as essential. A reading for specific gravity of 
1 .080, or approximately the average for the high group, is indicative of 
the presence of 10 per cent excess fat, a figure of 1.062 indicates the 
presence of 20 per cent excess fat, while a value of 1.036 obtained on 
several fat men denotes that 33.3 per cent of the body weight consists 
of excess fat. Table VI. 
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The analysis applicable to the diver whose nitrogen measurements 
extended over a period of 15 hours, Table VII, summarizes the results 
with reference to the estimation of the fat content of the body both 
on the basis of measurements of nitrogen elimination and determina- 
tion of specific gravity. In this particular example some discrepancy 
exists between the specific gravity as measured, and the specific gravity 
as computed on the basis of excess fat in relation to basic body struc- 
ture. But undoubtedly quantitative data obtained in the future as to the 
relative amounts of the constituents in the true body mass will diminish 
the difference. 
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SURGICAL TREATMENT OF PERIPEIERAL 

EMBOLISM AND ANEURYSM* 


Gerald H. Pratl 

Assistant Clinical Professor of Surgery 
New York Post-Graduate Medical School and Hospital, Columbia University 



c>,5H52SH5S5H5E‘3]jom the first World War sufficient experience in the 
treatment of wounds and diseases of the vascular system 
was derived to form a basis for the treatment of lesions 
of this system. With our entrance into the second and 
greater World War the practical application of these 
principles will be put to the test in an immediate and wide field. In the 
treatment of peripheral embolism and aneurysm these principles must 
be used. An enumeration and discussion of them is even more timely 
than it was thought when the subjects were presented at the Graduate 
Fortnight. While many of the principles arising in the treatment of 
both of these conditions are similar, they will be discussed separately for 
clarity. 


I. Peripheeial Embolism 


In arterial embolism there is a sudden and complete closure of a 
major vessel. Shock is inevitably present and, unless therapeutic efforts- 
are successful, the loss of the limb and, in a high percentage of cases, 
the life of the individual results. The final closure of a vessel already 
chronically occluded is another picture, because in such chronic closures 
collateral circulation channels have already been prepared. Surgical treat- 
ment of peripheral embolism until recently— and unfortunately in some 
places still— has been confined to major amputation, if the patient sur- 
vived until demarcation was complete. Fortunately, surgical therapy 
has been proven sufficiently successful so that a fair percentage can be 
saved, not only from death, but from the previous major amputation. 

Peripheral embolism is accompanied by a left side heart disease m 
four out of five instances. Usually there is the added insult of auricular 
fibrillation, severe infection or an operative procedure. The paradoxical 
occurrence of an embolus from the right side of the heart or the pen- 


* Delivered October 17, 1941, at the Graduate Fortnight of The Xew York .-Vcademy of Medicine. 
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Tabix I 

SITE OF PERIPHERAL EMBOLI 


Site Rate of Occurrence 

Aorta -i-S 

Iliac 17-3 

Femoral 54.5 

Popliteal 11.3 

Arm 12.1 

Tibial 5 


pheral venous system requires a patent foramen ovale. In arterial dis- 
ease a local trauma may loosen a plaque which becomes an embolus, 
but more often this results in thrombosis. 

Syviptojjis: Pain is inevitably present and it is sharp and severe. 
T endeniess follows the embolus and is greatest at the site of its lodge- 
ment. The color of the limb changes to a white, dead-like appearance, 
followed by a blotchy discoloration and eventually gangrene. The re- 
flexes are absent and there is a paralysis of the part. With the color 
change, the part becomes cold. Oscillometric readings and blood pres- 
sure are zero. 

Differential Diagnosis: If there is a diseased heart, which is fibril- 
lating and has an added strain with the symptoms already enumerated, 
a diagnosis of embolus is indicated. Arterial thrombosis must be dif- 
ferentiated. In arterial thrombosis there is evidence of failing arterial 
circulation for some time and arteriosclerotic changes in other vessels, 
either by palpation or x-ray examination. Occasionally the differ- 
ential points are not clear until operation time. Acute thrombophle- 
bitis should not be difficult to differentiate, as in this condition the 
foot is warm, enlarged and cyanotic with distended veins. There is 
nonnal arterial circulation as shown by palpation and oscillometric 
readings. 

Pathology: At the site where the embolus lodges in the intima an 
inflammator)’- process develops. There is swelling of the walls of the 
vessels and later destruction of the intima. The embolus usually lodges 
at the bifurcation of an artery, where the lumen of the vessel rapidly 
becomes smaller. The most common site is at the bifurcation of the 
femoral and femoral profunda arteries, the internal and external iliac, 
the bifurcation of the abdoniinal aorta and the division of the anterior 
posterior tibial arteries (Table I). 
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Spasm of the involved vessel and the collateral vessel is invariable 
and may be a factor in the pain (Lund, McKettrick and Allen). This 
spasm has a physiological basis, as it prevents the formation of a tlirombus 
below the embolus site. If this spasm is relaxed before adequate thera- 
peutic measures have been instituted, the entire vessel below the embolus 
may be entirely closed. Occasionally the spasm of the collateral cir- 
culation will relax sufficiently to permit a degree of circulation to be 
established around the embolus. Thrombosis occurs in 50 per cent of 
patients with an embolus. This is one of the reasons for doing early 
embolectomy, as other conservative measures are unable to restore 
circulation when the thrombosis is present. There is a definite difference 
between the closure of a major artery by an embolus and by a ligation. 
Halstead in 1924 was unable to find gangrene occurring from ligation 
of the subclavian artery and Mulvihill reported an incidence of only 
14.7 per cent gangrene in sixty-seven ligations of the common iliac, 
external iliac and femoral arteries. Wolf found that 50 per cent of the • 
ligations of the common iliac artery resulted in gangrene, while only 
1 5 per cent of the ligations of the popliteal arteries affected the circula- 
tion. In the arm a mere 5 per cent of the brachial artery ligations were 
followed by gangrene. In a ligation of an artery the collateral circula- 
tion is frequently adequate. After embolus, however, the thrombus 
which frequently forms, extends into collateral branches and prevents 
their function, even if spasm can be relieved. 

Treatvient: The names of the surgeons who first tried embolectomy 
are those whose surgical work has been outstanding. Abanejew per- 
formed the first exploration for peripheral embolus in 1895, but failed 
to locate one. Moynihan, in 1897, removed an embolus from the popli- 
teal artery, bht the patient died. In 1907 both Stewart and Doberauer 
removed emboli with temporary benefit, but thrombosis followed 
shortly thereafter. Trendelenburg’s first effort on pulmonary embolism' 
was in 1907, the patient dying of hemorrhage on the table. In 1908-09 
Proust, Schussi, Murphy, Carrel and Leriche all tried the operation with 
failure. The first successful embolectomy (Lahey, in 1911) was fol- 
lowed shortly thereafter by Key in Sweden. From 1911 to 1925 nearly 
all of the operations of this type were done in the Scandinavian coun- 
tries and the procedure was neglected by surgeons in other countries. 
While there had been 150 cases in Scandinavia up to 1927, there had 
been less than twenty reported in the United States, Canada and Eng- 



Peripheral Embolism cmd Aneiirysm 


589 


land. Since that time there have been many successful operations with 
the Scandinavian figures of 382 embolic operations leading all the others. 

While an occasional patient will survive without the removal of the 
embolus, we believe embolectomy is indicated in every instance when 
the diagnosis is made. We base this on the fact that we have been able 
to remove not only the embolus, but the accompanying thrombus in a 
high percentage of patients if seen within a reasonable dme. Conserva- 
tive measures advocated, such as the suction pressure boot, may play a 
part occasionally. Our experience has been that many of the patients 
who sunfived without operation did not have true embolisms, but rather 
arterial thromboses or the final closure of a vessel previously constricted 
by arterial disease, the previous constriction permitting and stimulating 
adequate collateral development. We have seen patients develop gang- 
rene and eventually die with a suction pressure apparatus and in one 
patient the entire epidermis sloughed during such a treatment. 

Surgical Technique: Local anesthesia should be employed exclusively 
and adrenalin, a severe vasoconstrictor, should not be added. These 
people are in poor condition and a general or spinal anesthetic is often 
too great a load for their circulatory system. Gentleness is of the utmost 
importance in this procedure. The incision is made ov'er the femoral 
canal, just below the inguinal ligament for femoral, aortic or iliac em- 
bolus, and a vertical incision gives the best exposure. The femoral 
artery is isolated in the wound and a tape passed around either end of 
the exposed artery. A fine silk stay suture is placed at either end and a 
longitudinal incision made in the artery. If a thrombus is present, it is 
teased out with a smooth forceps from the distal end first. With a soft 
rubber catheter preventing the passage of clots below the incision, the 
pro.ximal end is then removed. Frequently the thrombus breaks away 
from the embolus, which remains attached in- the lumen. A wire cork- 
screw instrument may be inserted up the artery to dislodge the embolus. 
In order to protect the intima, it has been my practice to protect the 
corkscreu' by a rubber catheter as it is introduced. The catheter may be 
withdrawn when the obstruction is reached. Usually the embolus begins 
to pass when the corkscrew is withdrawn, but no one instrument is 
always successful and some ingenuity is necessary. Suction applied to 
rubber or ureteral catheters may be effective in loosening the clot and 
on occasion we have borrowed many instruments from the urological and 
bronchoscopic depanments, including the minute biopsy and fle.xible 
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foreign body instruments. In the femoral area it is advisable to expose 
the profunda to be sure its function is not impaired. The technique 
must be adjusted according to the pathology present. In one instance, 
Carter^ was able to guide a femoral embolus into a profunda branch 
manually, thus reestablishing the femoral circulation without the neces- 
sity of entering the arterial lumen. There must be free flowing, spurting 
blood, and when this does not occur, it indicates that there is still some 
obstruction and further efforts must be made to free the artery. In some 
cases incision can be continued through the inguinal ligament and the 
hand passed retroperitoneally along the large vessels to the bifurcation, 
and the vessel milked manually. Considerable blood spurting should be 
permitted to be sure that all fragments and clots have been removed. 

In the presence of bilateral symptoms both femoral arteries are ex- 
posed at once. By lightly constricting the artery of the other side below 
the incision site, the possible passage of a clot into the opposite periphery 
can be prevented. For the same reason, even when only one side is in- 
volved, the pulsation of the foot on the unaffected side should be 
watched most carefully after the clot has been removed. 

The artery is closed with fine arterial silk on minute curved needles, 
the sutures being placed so they do nor enter the intima. Oversuturing 
should be guarded against. One should remember that the pressure at 
any point in the arterial wall is inversely proportional to the velocity 
of the blood flow and that a single running suture is often sufficient to 
prevent bleeding. Carrel and Key advocated coating sutures, needles and 
instruments with vaseline, but this technique has been found cumber- 
some and unnecessary. The needles slip and the delicacy of technique 
required for this type of surgery is too often sacrificed. 

Irrigation of the artery with 25 per cent heparin solution at the time 
of operation is a recent addition to the technique. It seems to be helpful 
and probably has prevented formation of some immediate thromboses. 

After Care: 

I. Heparin: Heparinization is a definite adjunct to arterial surgery. 
It should be used routinely after operation. One must temper the con- 
tinuous drip technique with patients whose cardiac status would not 
stand the continuous overloading of the venous system. In those cases, 
the clotting level may be maintained below normal by 5 cc. given every 
two or three hours. Dicoumarin, presented and discussed by Dr. Irving 
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S. Wrighr, at this same meeting, no doubt will play its part in making 
arterial surgery safer in the future. 

2. Perivertebral sympathetic nerve block: Perivertebral nerve block 
after embolectomy is important. With the removal of the embolus and 
accompanying thrombus, the introduction of 5 cc. of 2 per cent novo- 
caine into each of the lower dorsal and lumbar sympathetic ganglia 
relaxes the spasm and stimulates circulation, not only in the major 
vessels, but in the collateral circulation. 

5. Care of the limb: The limb should be protected from bruising or 
skin breaks and should be kept warm, but not burned. It is best to wrap 
the foot in candy cotton and put it in a large cradle where the tempera- 
ture is controlled between 88° and 94° F. Elevation of the leg is con- 
traindicated but the oscillating bed with its gentle arterial massage, is 
helpful. 

4. Drugs: After embolectomy the smooth muscle relaxers may play 
a part. Papaverine, atropine, and pantopon may be given as often as 
every nvo hours. Whiskey is also helpful at this stage. 

j. Exercise: No elfort should be made to make this leg carry weight 
until it has been shown that the circulation is intact. The cardiac status 
in most cases delays the attempt in walking until this prerequisite has ' 
been satisfied. 

Should a second embolus occur it may also be removed. Cases have 
beep reported in which as many as three consecutive embolectomies 
have been performed with recovery (Macfarlane) . In a review of all 
the patients who were seen at the Post-Graduate Hospital between 
1930-39, the difficulties of the differential diagnosis between embolus 
and thrombosis were observed. Rejecting certain doubtful cases in which 
the cardiac status was considered primary, twenty-six patients were de- 
scribed, of which twelve were operated and five survived— a percentage 
of 41.6 per cent. Of those who survived without operation, all lost their 
limbs. Again, the possible error in diagnosis of many of this latter group 
must be emphasized. Personal observations have been made on sixteen 
patients with true emboli, twelve of whom have been operated and 
four of whom were not operated. Dr. Franklin Carter, of the Post- 
Graduate Hospital, has had seven such patients, several of whom I have 
also observed. Of the total patients operated, thirteen have had the cir- 
culation restored. While the percentage of patients living today after 
this procedure is only 23 per cent, this figure can nor be taken as a 
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true one for embolectomy success. It is actually 6 1 .5 per cent, because 
it naust be recognized that if embolectomy restores circulation it has 
been successful. Embolectomy can not be expected to prevent death 
from an advanced heart lesion or to prevent other phenomena. These 
patients die from the lesion causing the embolus, not from the embolec- 
tomy. If embolectomy is not performed, the death rate is higher from 
the gangrene which they usually develop or from the operation for the 
gangrene. This has been proved by many workers. I observed five 
patients who were not operated on, who developed gangrene and died. 
If such patients do have spontaneous recoveries, without operation, they 
are permanent vascular cripples. One such patient seen in the clinic re- 
cently recovered spontaneously, but now has zero oscillometric readings 
and such inadequate collaterals that amputation seems almost inevitable. 
One should not be discouraged by the low percentage of patients living 
five years after their operation. Were this same outlook carried to the 
field of cancer or brain surgery, many patients now cured of these lesions 
would be dead. 

The end results in the embolectomies in Sweden showed that one 
quarter die in one year, one-half are dead in three years, one-third are 
alive in five years and one-eighth are alive in ten years. The graph is 
practically identical with that of those living after excellent surgical 
and x-ray therapy for cancer of the breast. This seems sufficient answer 
to those surgeons who have stated that the operation is useless, because 
of the poor risk of the patient group. Certainly no one would advise 
against operation for cancer of the breast merely because only one-eighth 
of the patients will survive ten years. 

One of our patients operated sixty hours after a large saddle embolus 
of the abdominal aorta had been lodged, is alive today with complete 
circulation in one limb and in the other limb to the knee. This patient 
was operated on, at the instance of the family, in a condition of extremis, 
with a temperature of 104°. It was their contention that the patient who 
was a minister, would survive the procedure because of his profession, 
if given surgical help. Emboli from both sides were removed with con- 
siderable difficulty with restoration of circulation in one leg and improve- 
ment of circulation in the leg which was already gangrenous to the 
middle of the calf. This is illustrative of the factor so well outlined by 
the late Osier, whose precept of never letting a person die of one dis- 
ease merely because he has another, is frequently forgotten by us today. 
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The recovery of this patient and other less dramatic recoveries have 
convinced us that no arbitrary time limit, as to whether to operate or 
not, can be placed on these patients. It is our intention to operate on all 
of them as soon as we see them and we believe that more people with 
emboli will be alive in the next ten years than have survived in the past. 

11. Aneurysm 

Diagnosis, symptoms and treatments of peripheral aneurysms vary 
greatly with their site and, because of that, only general therapeutic 
suggestions can be given. While we define aneurysm as a sac filled with 
blood communicating with an artery, its subdivisions, as contained in 
the text books, number twenty-five. For clarity I will subdivide the 
peripheral aneurysms as follows: 

Pei'ipheral Anetirysm 

1 . Arterial 
Acquired 

1. Result of trauma 

2. Result of degenerative disease 
Congenital 

//. Arteriovenous 
Acquired 

1. Result of trauma 

2. Result of degenerative disease 
Congenital 

/. Arterial Aneurysm: In arterial aneurysm we have a weakness of 
the wall of the vessel due either to an increased arterial pressure or a 
traumatic or degenerative lesion of the vessel wall or a combination 
of both of these factors. The sac which develops has a neck through 
which it communicates with the main vessel and the contents of the 
sac are liquid and coagulated blood in various stages of resolution. The 
v'all of the sac will be of the so-called true or false aneurysmal type. 
In the former the weakened arterial walls are pushed ahead by the 
dilatation and in the latter, the walls of the vessel are destroyed and the 
sac is made up of surrounding tissues with only an endothelial lining. 
There may be efforts to strengthen the wall by the proliferation of 
fibroconnective tissue in either of these forms, but this fails eventually 
because of the force of the blood which at times is sufficiently strong 
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to erode cartilage and bone. The clots are white at the periphery and 
red at the center with many degenerative changes occurring in them. 
The older ones become calcified. 

Symptoms: While all aneurysms form a timior^ the contiguous struc- 
ture, particularly where the aneurysm is small, may hide it. An expansile 
pulsation is present in the early aneurysm, but with further clot elimina- 
tion, the pulsation may be transmitted or even obliterated. Pam is a 
variable symptom, depending upon the structure which is being com- 
pressed by the growing tumor. In the extremities this may be a negligible 
factor, although in the popliteal aneurysms pain and weakness of the 
muscles supplied by the sural nerve may be an early sign. The pulse 
is weak or absent distal to the aneurysm. This applies also to the 
oscillometric readings and blood pressure. Fare’s bruit, which is present 
in early cases, depends on the clotting. When present, it is of the rough 
systolic type. In addition, in the acquired type there will be a scar at 
the site of injury. The congenital aneurysms at times are multiple. 

Treatment: /. The ideal treatment of either acquired or congenital 
aneurysms is excision and end-to-end anastomosis of the vessel. This is 
more often possible in the traumatic type than is generally supposed. 
We have performed this operation successfully four times in the last 
year. The artery is exposed, the aneurysm excised and the arterial ends 
sutured with interrupted and continuous fine arterial silk, after which 
the suture line is reenforced with nearby muscle or fascia. By release of 
the vessel from its bed and flexion of the joint a defect of 4 to 5 cm. 
may be closed. This point can not be overstressed in war surgery, 
where laceration or division of an artery is frequently considered suf- 
ficient cause for the amputation of the involved extremity. 

2. Obliterative Operative Procedures: The reapplication by Matas 
of the ancient conceptions of Philigrius of obliterating the involved 
vessel is the treatment of choice in many of these patients. The circula- 
tion is controlled above and below the aneurysm sac, the sac then widely 
opened, its contents of debris, clots and necrotic material evacuated and 
each collateral opening into the sac closed by sutures. The major arterial 
openings are ligated and then sutured from within. The sac is obliterated 
by multiple layers of sutures without excising the sac. A large muscle 
transplant aids in obliteration. In the popliteal space we have used the 
gastrocnemius and the popliteus muscles most successfully. In some of 
the smaller ones muscle transplants are not required. There is a good 
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deal of misconception about the principles of this operation even in the 
minds of well trained surgeons. The principle is to obliterate, not re- 
move, the sac. To remove the sac one must do irreparable damage to the 
extremity. Excision of ah aneurysm of this type frequently results in 
crangrene. 

& O 

3. The most successful type of reconstructive operation on the artery 
is the use of a vein transplant. A rather large vein must be selected and 
sutured to the ends of the artery to bridge the defect. The incidence of 
thrombosis, which so frequently attends such an operation, can be de- 
creased by heparin and Murray has shown many well functioning vein 
transplants years after their introduction. Babcock-'^ in his carotid 
jugular anastomoses, demonstrated how well a vein can accommodate the 
arterial blood. The large jugular vein, when united to the smaller carotid 
artery, shrinks down to the size of the arterial column, and after a time 
its wall becomes as thickened as the artery. This operation will have its 
place many times in the repair of the injuries resulting from the present 
world conflict. 

4. The modifications of the original Matas'* procedure of- opening 
the aneurysm and plastically repairing the wall over a tube or other 
foreign material has been accomplished in selected instances, but an 
arterial wall once so seriously damaged as to stretch into an aneurysm 
may weaken again. The use of an absorbable material over which to 
suture, such as glucose, is of only experimental interest at the present 
time. Experiments are likewise being made with the use of other foreign 
matter such as talcum powder and cellophane which cause peri- and 
endoarteritis. It has been shown that these and other similar materials 
cause inflammation and fibrosis to a marked degree and it may be pos- 
sible to take therapeutic advantage of this fact. One operation of this 
type has recently been performed by us. 

In any type of treatent of aneurysm where the main vessel is or 
may be occluded, it is most important that stimulation of collateral 
circulation be continued. Antispasmodic drugs, whiskey, external heat 
and avoidance of all trauma are all valuable agents. Lumbar sympathetic 
ner\^e block has its place in relaxing spasm. All strain on the part must 
be avoided until there is proof that adequate circulation is established 
and in cases where the small collaterals are carrying the circulation the 
patient must be restricted physically within the limits of his arterial 
supply. 
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11 . Arteriovenous Aneurysm: 

Acquired Arteriovenous Fisttda: The most common cause for the 
acquired type of arteriovenous aneurysm is gun shot, stab or airplane 
and automobile injuries. A large percentage of them follow war wounds. 
The arterial blood rushing into the sac or vein causes definite physio- 
logical changes. They are as follows: 

Physiological Changes Follovoing Arteriovenous Fisttda 

1. A blood pressure fall with recovery, . but greater pulse pressure 

2. An increased pulse rate. 

3. An increased venous pressure 

4. Increased cardiac output (depends on size and location) 

5. Temporary decrease in size of heart and artery, then dilation 
with hypertrophy of the heart 

6. Increased total blood volume 

7. Collateral circulation around fistula 

The degree to which these changes occur depends upon the size 
of the vessel involved and the length of time the abnormal communica- 
tion has persisted. If the communication is at all large, its closure is 
imperative to prevent changes and eventually the cardiac failure which 
results. The symptoms in the acquired type of aneurysm are usually so 
apparent that diagnosis is evident. The scar at the site of the injury, 
followed by enlargement, dilation of the veins of that extremity, in- 
creased temperature and a bruit are confirmatory. The Pare sign of 
decreased pulse rate with pressure over the fistula will be present, as will 
a diminished pulse and blood pressure and oscillometric readings distal 
to the fistula. An arteriogram is confirmatory. Pain depends upon the 
extent of the pressure on the nerve or sensitive parts. All symptoms 
following venous congestion, such as pigm.entation, dermatitis, ulcera- 
tion, edema, hemorrhage or even gangrene may be present. A higher 
oxygen content in these veins than in the normal vein, due to the arterial 
flow is another confirmatory test. 

Pathology: The connection is lined by endothelium and at times 
clots develop in the sac. The venous blood, driven back by arterial 
pressure during systole, may enter the artery during diastole. Arterial 
blood returns through the nearest venous channels and starvation of the 
periphery may result. 

Surgical Treatment: It is wise to postpone operation until four to 
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six months after the development of the fistula to permit the sudden 
physiological changes accompanying the fistula to have reached a level 
and, more important, to permit collateral circulation to become ade- 
quate. At the time of the repair, the physiological changes previously 
mentioned must be considered, as the closure of the fistula causes an 
exact reverse of all the points mentioned. If the fistula has been present 
for a long time, it may be necessary first to decrease the blood volume 
by phlebotomy to prevent overstrain of the cardiovascular system. It is 
preferable to omit the tourniquet when the operation is performed. No 
one operative procedure can be used for all types of fistulas. The ideal 
treatment would be one in which the fistulous communication was 
closed and the continuity of the vessels reestablished, but unfortunately 
this is rarely possible. The site of the anastomosis should be exposed and 
explored and tapes applied above and below the fistula. The closing of 
the upper tape will not result in circulatory failure distally in those 
cases where the collateral circulation is adequate. Care must be taken to 
ascertain this at the time of operation. The type of operation to be 
selected may be one of the following: 

■I, Repair of the fistula in the arterial wall, through the opened and 
sacrificed vein. Suture materials should be of the finest arterial 
silk on non-traumatizing, minute, round needles, such as are used 
in eye surgery. These sutures should not enter the intima. A 
section of near-by fascia or muscle makes a better reenforcement 
than the fistulous sac or vein. The ligation of the vein in these 
instances appears to be of therapeutic value, compensating for 
the reduced arterial supply by decreasing the rapidity of the 
blood return. 

2. Ligation, pro.ximaliy and distally, of the artery and the vein, with 
excision of the intervening fistula and vessels is frequently the 
treatment of choice, where collaterals are adequate. In this type 
of treatment the intervening vessels must be removed or the 
fistula may recur. This operation is used most often in the upper 
extremity, head or neck. 

3. In some cases it is impossible to remove the fistula, because of 
possible damage to secondary circulation. Quadrilateral ligation 
is then performed. The fistulous tract is opened and the clots 
evacuated, all openings into the fistulous tract closed by fine ar- 
terial sutures and the sac obliterated by muscle transplant, imbri- 
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cation and plication. The use of this operative principle has 
saved many limbs which in previous years it would have been 
necessary to sacrifice. 

Congenital Arteriovenous Fistula: Many of the symptoms and signs, 
as well as the therapeutic measures detailed for the acquired aneurysm 
apply to the congenital type. In the treatment of congenital arterio- 
venous aneurysm, however, the cardinal point to remember is that they 
are usually multiple. All of these multiple connections may not be open 
and functioning at the same time. This point should be explained to the 
patient, since multiple operations may be required as a result of this. 
The etiology of these congenital arteriovenous communications is still 
under investigation. Arteries and veins anastomose most frequently in 
the hands, feet and sexual organs, as shown by Hoyer, Krogh and others. 
In studying the embryological rests frequently demonstrated in the 
newborn, it is not difficult to conceive of the same failure of closure in 
the arteriovenous system. They are usually multiple and are found mqst 
frequently in the upper extremities. When they appear in the lower 
extremities, they are often diagnosed as varicose veins with onset first 
noticed at three to five years of age. The history discloses that the physi- 
cian consulted at that time advised that nothing be done, as the patient 
“might grow out of it.” Another form of arteriovenous connection is 
the so-called aneurysmal varix, in which the enlarged varicose veins con- 
nect with an artery. This lesion, by no means rare, is also commonly 
diagnosed and treated as varicose veins with resultant technical compli- 
cations. The symptoms in these congenital type lesions differ with the 
number, size, duration and position of the communications. Large ones 
are particularly frequent in the upper extremities, while minute ones 
may occur on the face, particularly around the eyes and mouth, where 
the term pulsating hemangioma is applied. A congenital fistula was seen 
in the neck of a patient of Dr. Irving S. Wright*' in which a mass of 
vessels in the suprahyoid muscle area was fed by the left lingual, external 
maxillary and inferior thyroid arteries and so many abnormal connec- 
tions from the right external carotid that it was necessary to extirpate all 
of the main branches of the left external carotid and the entire right 
external carotid artery in order to close the fistula. Signs of thrill and 
bruit at the site of the fistula and arterial blood in the veins are diagnostic 
in this type of lesion, as they are in the acquired type of fistula, except 
that in the congenital fistula they are usually larger. 
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Treatment: The treatment of the congenital fistulas varies with their 
size. Many small ones, particularly on the face, may be surgically excised 
and some of the ones which have been sclerosed with a small amount of 
solution have never recurred. Radium has helped a few. In treating the 
large congenital fistulas one must be prepared for an extensive and, many 
times, a multiple procedure. This multiplicity can not be overem- 
phasized. The operations are best performed without a tourniquet so that 
the site of bruits can be determined and each one eliminated. The opera- 
tion of choice in the large lesions is quadrilateral ligation and excision of 
the arteries and veins involved. At times one must remove vessels which 
appear necessary to the life of the part, but collateral circulation is pres- 
ent so frequently that most of these limbs will not be lost. 

The tendency of these fistulas to invade and spread like malignancies 
has been noticed, particularly in one of our patients. Matas has reported 
cases which appeared to metastasize. Amputation in some instances is 
necessary and indicated. In some of these patients connections closed at 
the time of the operation will open with the increased arterial pressure. 
In one instance we closed eleven communications only to have the pa- 
tient return the following year with five new ones. One must be pre- 
pared for such discouraging results and continue with the operations in 
stages until cure is achieved. While local relief is hoped for, it is to 
prevent the eventual cardiac collapse that the operation is performed. 
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TESTICULAR BIOPSY IN THE DIAGNOSIS 
AND TREATiMENT OF STERILITY 
IN THE MALE"" 

Robert S. Hotchkiss 

Assistant Urologist, New York Hospital 


persistent absence of spermatozoa from the semen 
denotes absolute sterility in the male. This condition re- 
quires that either no substantial number of spermatozoa is 
being formed, or that an obstruction or defect exists 
which prevents the escape of the cells from the seminal 
tract. Certain clinical guides are helpful in determining which factor 
is the cause. Thickened epididymes favor occlusion, while atrophic 
testicles indicate that the germinal epithelium is deficient. It has become 
increasingly apparent, however, that azoospermia may be associated with 
genitalia which are normal to external examination. Accordingly, there 
is a real need for an accurate way to determine whether the lack of 
spermatozoa is due to aspermatogenesis or occlusion. A correct diagnosis 
is obviously essential to proper management, for an occlusion calls for 
reestablishment of the patency of the ductal systems, whereas incom- 
plete spermatogenesis theoretically demands that some agent or set of 
agents be supplied to motivate spermatogenesis. 

It has been said that one good diagnosis is worth ten haphazard 
treatments. The use of testicular biopsies bears out this adage in the 
problem of the sterile man. The study of testicular tissue has proven to 
be a reliable and practical method in accounting for the absence of 
sperm in the semen, and promises to minimize errors in treatment.^ The 
tissue likewise affords a new source of information relative to the histo- 
pathology of the human testes and may assist in clarifying some of the 
fundamental clinical concepts of seminal deficiencies. 

The procedure of obtaining the biopsy requires no special skill and 
entails little discomfort and incapacitation. The genitalia are prepared 
for operation and a small area in the scrotal skin is anesthetized with 
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I per cent novocaine. An incision is made and carried down through 
the tunica vaginalis, A pair of ocular palpebral retractors is inserted, 
and the tunical albuginea is exposed. A small “V” shaped incision is 
made therein and a minute piece of testicular tissue is excised. Silk or 
fine plain gut sutures are used to arrest hemorrhage and appro.ximate the 
layers of the wound. The operation is repeated on the opposite side. A 
suspensory is applied and the patient is sent home from the operating 
room. The tissue is fixed in Bouin’s solution and sections are prepared 
in the usual manner. 

Two main classes of testicular tissue are found." The seminiferous 
tubules may contain either normal or defective germinal epithelium. 
The degree of cellular activity varies considerably in different tubules 
in each section, but the general contrast is striking and offers little 
chance for serious confusion. Several types .of defective germinal tissue 
may be seen. The biopsy specimens from some men with normal sized 
testicles exhibit spermatic cells which have progressed to the spermatid 
stage, just short of full maturity. Others have germinal epithelium 
which is arrested at an early stage of spermatogenesis. A third type 
have tubules almost devoid of germinal epithelium, and their lumens 
may be filled with hyaline. A fourth type of abnormal testes is charac- 
terized by extraordinary proliferation of fibrous tissue about the tubules. 
Sections of testes associated with occlusion of the efferent seminal tracts 
have, in main, well-organized germinal epithelium with many mature 
spennatozoa. 

The clinical usefulness of the biopsies is quite apparent. Active nor- 
mal spermatogenesis requires no stimulating agents. Complete degenera- 
tion of the germinal tissue defies treatment with substances now avail- 
able. Thus, useless or misapplied therapy is avoided and an approach to 
rational treatment is made. 

The mandates of successful treatment of sterility, however, include 
more than a mere consideration of the hisropathology of the testes. 
Three essential criteria are inxmlved. They are: 

1. The primary cause of the disturbance must be recognized and 
evaluated. 

2. Specific and potent therapeutic agents must be available and as- 
similable. 

5. The end organ must be ref^acto^)^ 

Lack of knowledge of certain important facts concerned with these 
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three criteria accounts for the generally unsatisfactory state of therapy 
at this time. It may be appropriate to examine these principles in the 
light of present developments to evaluate current and future modes of 
the clinical treatment of impaired fertility. 

It is likely that faulty spermatogenesis can be assigned as due to 
one of four causes. The identity of the particular cause is probably 
the key to effective therapy. 

1. An inherited gametogenic factor may account for sterility in man. 
As yet there is no clinical proof of this theoretical possibility, but other 
species furnish notorious examples of this genetic phenomena. The 
mule, which is a hybrid animal, is always sterile. There is no possibility 
of revoking chromosome patterns, and treatment is futile. 

2. A second cause of spermatogenic failure may be some deficiency 
disease. This is clearly indicated by the effect of inadequate diets in 
e.xperimental animals.^ The work of Dr. John MacLeod^ has demon- 
strated the necessity of certain foodstuffs, enzymes, and vitamins to the 
life processes of spermatozoa. The needs of the germinal epithelium may 
not be dissimilar to the requirements of sperm. 

Subclinical or mild deficiency states are now recognized as estab- 
lished clinical entities, and subsequent investigations may reveal that 
defective spermatogenesis is linked with an inadequate vitamin supply 
or, more likely, to a failure to absorb and utilize these and other sub- 
stances.^’® The past and present clinical experience with corrective die- 
tary regimes and vitamin medications have not been singularly encour- 
aging. Future advances may reverse present attitudes, and it is possible 
that certain cases of infertility due to deficiencies will be corrected and 
cured. 

3. There is no doubt that the gonads are intimately linked with the 
other glands of the endocrine system.’^ Nearly thirty years ago it was 
shown that removal of the pituitary caused prompt atrophy of the ger- 
minal epithelium. Since then an enormous amount of interest has been 
displayed in the relationship of the reproductive glands to the other 
endocrines. The clinical application of endocrine therapy in man has 
borne far less brilliant results than some of the experimental animal 
work. There are a number of well authenticated reports which illus- 
trate effective treatment of impaired fertility in men with endocrine 
products but the failures are far more common than the successes. The 
deserving skepticism is well understood when it is realized what great 
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obstacles still remain in therapeutic pathways. Species vary greatly in 
their responses to endocrine substances so that much of the experimen- 
tal work on animals and bmds cannot directly be transferred to the hu- 
man with the assumption that it is applicable. We have no simple tests 
to evaluate or diagnose subclinical or minor grades of endocrinal dis- 
orders. The therapeutic products which are available are not specific 
and probably far below basic requirements of actual need. These and 
many related problems await clarification before the dreams of a “speci- 
fic hormone” for spermatic tissue will be available in the same sense that 
insulin is used for diabetes. 

4. A fourth class of disturbances which may alter spermatogenesis 
may be grouped under the term “constitutional and local disorders.” It 
is evident that the testicles are labile structures and are sensitive to cer- 
tain generalized alterations of body function. It is known that debili- 
tating illnesses will arrest spermatogenesis. Artificially induced fever 
will cause transient injury to the germinal layers.® Much speculation 
is given to the effect of less definite influences such as fatigue, nerve 
strain, overwork, alcohol and minor illness. It may well be that sub- 
normal semen is much more adversely affected by these factors than are 
specimens of high quality. These agents may then resolve themselves 
into individual considerations which have relatively little effect on the 
very fertile, yet are especially harmful to those less generously endowed. 
The various diseases of the genitalia are adequately described in text 
books and the influences on fertility are well known. The biopsies of 
testicular tissue have revealed, in some instances, marked thickening 
of the fibrous tissue encircling the seminiferous tubules. An explana- 
tion for this is not ventured herewith, but it is conceivable that these 
deposits may act as barriers and prevent proper nourishment of the ger- 
minal epithelium. This affords a probable example of a non-refractory 
end organ incapable of being stimulated. 

No claim is made that the examination of the biopsied' testicular tis- 
sue will depict which one of these foregoing conditions has caused 
aspermatogenesis. The inconsistent results of treatment are more fully 
appreciated, for response depends on; the identification of the cause, 
the use of appropriate corrective agents, and the ability of the testes 
to respond to such stimulation. Testicular biopsies will not solve all 
these problems, but will obviate some of the difficulties. The informa- 
tion gained from the biop.sy will certainly prevent some men from re- 
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ceiving innumerable injections of hormones when the testes are proven 
to harbor large numbers of spermatozoa, or are atrophic to a hopeless 
degree. A selection of favorable cases for treatment is made possible 
and a reasonable trial is given to substances purported to have therapeu- 
tic value. 

Occlusions in the seminal passageways, as well as faulty spermato- 
genesis, may cause absolute sterility in men. The majority of acquired 
obstructions are located in the lower portions of the epididymes or be- 
ginning of the vasa. Two cases of congenital absence of the vasa have 
come under my care during the past two years. Notwithstanding the 
fact that a normal outlet for spermatozoa had never been available, the 
testicular biopsies demonstrated fairly normal spermatogenesis. The abil- 
ity of the testicles to maintain their function despite years of obstruction 
is in harmony with the theories that the epididymes are capable of ab- 
sorbing and disposing of spermatozoa. These organs, rather than the 
seminal vesicles, are perhaps the true “graveyards of the spermatozoa.” 
This cyclic process of production and absorption may account for the 
entire absence of sperm in the semen even though a few mature sperm 
are seen in some biopsies showing faulty and poor spermatogenesis. 

Clear indication for operation is afforded by the aid of biopsies. 
An obstruction or congenital anomaly of the efferent tract is to be in- 
ferred if several ejaculates have no sperm yet the biopsy shows well- 
differentiated germinal epithelium with many mature spermatozoa. 

A second operation is then performed and a full exposure of the 
scrotal contents is obtained. The patency of the vas is tested by injecting 
a fluid into its lumen at a level with the body of the epididymis. Tlte 
epididymis is punctured at a corresponding point and the expressed 
secretions are examined immediately for sperm. If the vas is patent and 
sperm are found a union of the two structures is formed after the method 
which Martin described forty years ago. Arterial silk sutures serve as 
excellent material for the juncture of vaso-epididymal anastomosis. If 
patency is established, sperm will appear in the ejaculate within 12 
months. Failures are due to inability to complete the operation because 
of extensive obstructions along the vas, or subsequent postoperative clos- 
ure of the fenestra between the vas and epididymis. The operation may 
also fail to bring clinical results for, although at least one tract has been 
opened, too few or immotile sperm are ultimately secured in the semen. 
Successful results should reach about 20 per cent of those operated 
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upon, and yec rhe failures are no worse off chan prior co operation. In 
retrospect, it may be said chat all coo often such men are dismissed as 
hopeless and char, if they are willing to accept unfavorable odds, the 
operation deserves trial. 

SU.M.MARV 

External e.xaminacion of the male genitalia does not always indicate 
the state of spermatogenesis or condition of the epididymes and vasa. 
Testicular biopsy is a practical method of appraising the value of the 
spermatic tissue. Appropriate treatment can be applied and useless 
therapy avoided. The inconsistent results of treatment of grave disorders 
of the germinal epithelium are commensurate with the e.xisting etiologi- 
cal and therapeutic problems, bur future research promises much for the 
development of efficient treatment.* 
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THE EPIDEMIC CONSTITUTION IN 
HISTORIC PERSPECTIVE* 

Iago Galdston 



-^ciENTiFic epidemiology . . . began like almost everything 
which makes life worth living, in Ancient Greece.” 
(Major Greenwood) In the books of Hippocrates en- 
titled Airs-Waters-Placesy and Epidemics l-lll, we have 
^ the beginnings of epidemiology. The first is an essay, 
which exhorts the physician to appreciate the influence of environment, 
season, and mode of life, on health and disease. The second, Epidemics 
l-lll, offers, in a sense, case notes to illustrate the propositions ex- 
pounded in Airs-Waters-Places. 

There are critics who find fault with these books, for in them, inter- 
mingled with the astute epidemiological observations, are to be found 
comments on critical days, on coctions, crisis, and crasis, and these they 
find repugnant. But such critics are rather superficial for in their objec- 
tions to particular details they lose sight of the basic thought. That 
which entitles Hippocrates to be considered the founder of scientific 
epidemiology is not his speculations on the origin of the Scythians’ im- 
potence, nor his theory on the critical days, but is rather an under- 
standing vast and profound. That understanding is of man’s relationship 
to his universe both immediate and remote. This appreciation is leavened 
in all the genuine works of Hippocrates. It is the compelling warrant 
for his rejection of the supernatural or deistic origin of disease. It 
illuminates and rationalizes his therapeutic practices. It holds within 
the bounds of sense and reason his diagnoses, his prognosis, and his 
nosography. It accounts for his dependence on nature to effect the 
cure. But his deeply philosophical appreciation of man’s relationship, 
and of man’s susceptibility in health and disease to the interplay of the 
forces in his environment is best revealed in Hippocrates’ epidemio- 
logical books. These books, as Jones observes, are without pretensions 
to literary form, but they constitute “the most remarkable product of 
Greek science” (W. H. S. Jones, Hippocrates, Vol. I, p. i40- 


* Delivered December 31, 1941 before the History of Science Society Meeting, in association 
The American Historical Association, Chicago, Illinois. 
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distinction lies less in what is expressed than in what is implied in their 
texts. These books are the products of maturity, the yield extracted 
by time and much meditation from a vast and varied experience. In 
these works Hippocrates advances the simple thought that man’s pri- 
vate ills are chiefly the result of his own ignorance and of his slovenli- 
ness, but the epidemic diseases are the resultant of inimical forces, of 
disequilibria in man’s environment. In Airs-\V aters-Places Hippocrates 
expresses the dictum that he who wishes to pursue properly the science 
of medicine must consider the effects of seasons, winds, the properties 
of waters, those of the soil, and “the mode of life also of the inhabitants 
that is pleasing to them, whether they are heavy drinkers, taking lunch, 
and inactive, or athletic, industrious, eating much and drinking little.” 
(W. H. S. Jones, HippocrateSy Vol. I, p. 71-72). There is revealed in 
this short passage a wealth of insight, the penetrating appreciation of 
man’s position in the intricate web of Nature. 

It is an easy yet pardonable fault to read into the writings of Hip- 
pocrates more than he ever knew or intended, and to credit him with 
wisdom and knowledge born in later years. Our evaluation of the Hip- 
pocratic writings on epidemic diseases, however, is free of these faults. 
It were difficult rather to prize them excessively, for they are unique 
and stand alone for many ages. There is nothing in what has come down 
to us from the ancient medical writings that even remotely suggests that 
in these matters there had been a forerunner to Hippocrates. 

Nothing in the speculations of the contemporary philosophers cor- 
responds to the basic idea propounded in the Hippocratic writings on 
epidemiology.* On the contrary, Hippocrates, in the book Nature of 
Man, shows scant respect for the theories and speculations of the phi- 
losophers. 

Hippocrates was a naturalist who in the mosaic of life counted man 
as a creature bound with all the rest in the common matrix of earthly 
forces. Four hundred years later the Latin poet Lucretius (95-52 B.C.) 
eloquently, though somewhat mordantly, espoused a similar naturalism. 

In Epidemics, which I have characterized as case history illustrations 
of the thesis of Airs-Wciters-Places, we come upon the Greek term 
Karaoratns derived from KaraarviJia and defined (Liddell & Scott) as “a 
state, situation, condition, constitution, quality.” 


* R?clJrand!’,i^ne“?89t‘p"h3^o:t‘l62. V.ie.sucUungen, Berlin. 
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In the authoritative translations of Hippocrates katastasis is rendered 
as “constitution.” It is well for us to note this term, for about it revolves 
much of later epidemiological thought— and I may add, confusion. In 
the Hippocratic works katastasis connotes environmental factors con- 
tributing to the engenderment of epidemic diseases. In later times, the 
term katastasis was sheared of its Hippocratic meanings, and while com- 
monly employed, was assigned a variety of meanings. We will return 
to the katastasis, or more specifically to the epidemic constitution, later. 
To sustain the thread of our story we need to trace further the history 
of epidemiological thought. But trace is hardly the fitting word; we 
rather march with seven league boots over a stretch of some thirteen 
hundred years. 

The revival of epidemiology is to be credited to the French physi- 
cian Gulielmus Ballonius, and to Thomas Sydenham. Ballonius was 
the earlier of the two. He was born in Paris in 1538 and died in 1616, 
having attained to the age of seventy-eight. Sydenham was born eight 
years after the death of Ballonius, that is in 1624. Ballonius carried on 
in the best Hippocratic tradition— to observe, to report, to reflect. In 
his Epidefniomm et Ephemeridum, published after his death by his 
nephew, in 1640, Ballonius follows the pattern of Hippocrates. He gives 
the katastasis of the years, and then reports the cases he had seen. We 
have in these works a catalogue of clinical records. But we have here 
little else. Ballonius follows the pattern but adds nothing to the knowl- 
edge proffered by Hippocrates. It is quite otherwise with Sydenham. 
He too returned to Hippocrates, but he went further than Ballonius 
in the pursuit of the problems of epidemiology. His epidemiological 
writings offer us no clinical case records, such as those of Ballonius 
afford, but they do tease the heart of the matter, the epidemic katastasis 
—or, in Sydenham’s words, the epidemic constitution. 

It is not possible in this discursive review of the history of epidemi- 
ology to expound minutely, to so-to-say comb, spin and reweave the 
fabric of Sydenham’s thoughts on epidemiology. Moreover, that has 
been done exceedingly well by Major Greenwood. I will rather borrow 
and adopt Greenwood’s lucid summation of Sydenham’s epidemic con- 
stitution. 

“The complete morbid process of an epidemic disease is made 
up of two parts; the first is specific (the a, b, c, &c., of the formula), 
subject to secular modification and also to short period oscillations— 
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i.e., it is a doubly periodic function of the time. The second part 
is generic, common to all species of epidemic diseases and a func- 
tion of some terrestrial conditions included under the term “Epi- 
demic Constitution.”* 

It is this second part, the generic component of the epidemic con- 
stitution, defined not exclusively in terms of atmospheric conditions 
but rather as “a function of some terrestrial conditions” which consti- 
tutes Sydenham’s most valuable contribution to epidemiological 
thought. 

Sydenham’s works on epidemiology gave impetus to the study of 
the subject but what followed was not in the order of the original. The 
later works are lacking in philosophical insight, in breadth of under- 
standing. They are provincial rather than catholic. They are painstaking, 
and scrupulous collections of meteorological data. They are inspired by 
the vain hope that the secret of epidemic diseases could be wrested from 
the collected data on barometric pressures, temperatures, humidities,! 
wind directions and velocities, and rainfall. In the two volume edition 
of Sydenham’s collected works published by the Brothers de Tournes 
in Geneva, 1736, there are included twenty-one contributions on epi- 
demiology from the pens of twenty authors. Among them we find the 
illustrious Ramazzini. These contributions are uniformly devoted to 
reports on climatic conditions prevailing in given localities during given 
periods of rime, and to notations on the diseases current during those 
periods and in those locations. 

To catalogue the different authors who attributed epidemic diseases 
to the depraved constitutions of the atmosphere, listing their individual 
and differing opinions on the source of the atmospheric corruption 
were a large and profitless task. It is more profitable to abstract from 
this enormous mass of published opinion, theory, and notation, its com- 
mon factors, for we can thus identify the vis a tergo that motivated and 
directed the thinking and labors of these men. To achieve this we must 
rise above the particulars to survey the broad terrain. 

It is patent that the time span of two thousand years, covered thus 
far in our review, embraces three epochs in thought on epidemic dis- 
eases. These we may designate as the epochs of Hippocrates, of Syden- 
ham, and of the climatological epidemiology. 

* Major Greenwood: Sydenham as an epidemiologist, Proc. Roy. Sac. Med., London, 1919, Epideni. 
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We have dealt at length with the Hippocratic epoch, but less 
amply with the other two. To appreciate what with some broad license 
I term the phenomenon of Sydenham, we need to grasp clearly the 
temper and spirit of his age. During Sydenham’s lifetime the medical 
renaissance initiated by Thomas Linacre (1460-1524), the “restorer 
of learning” in England and first president of The Royal College of 
Physicians, reached its culmination. Sydenham was the last of the 
great English physicians who were nurtured in the ancient medical 
lore which the classical renaissance had resurrected and revivified. 

Sydenham lived in the age of Shakespeare, Bacon, Milton and Dry- 
den, of Galileo, Kepler, Descartes, Boyle and Newton, and of William 
Gilbert of Colchester, William Harvey of Folkestone, and John Locke 
of Wrington. But Sydenham did not fall under the even sway of all 
these greatest among English poets, philosophers and scientists. Thus, 
it does not appear that either Harvey, or Boyle, or Descartes, or New- 
• ton moulded his thinking. Sydenham was indeed, as his followers fit- 
tingly described him, the English Hippocrates. With Sydenham the 
Renaissance came to an end and the dawn of a new age was ushered 
in, the age of modern science, with its instruments of precision, and 
its inductive techniques.* 

Thought was now on a new tangent. Man found anew his own 
“bright earth” and, himself. With consuming eagerness he set out to 
explore the microcosm. With the aid of his balances, his microscopes, his 
thermometers and barometers, his measuring rods and his chemical re- 
torts he uncovered the wonders of the universe. A new enchantment 
was upon him, one that alienated him from his former devotions. It is 
this new enchantment, the limitless faith in inductive science, that ac- 
counts for so many men’s eager scrutiny of the atmospheres for the 
secret of the epidemic diseases and for the conviction shared also by 
numerous others, that the noxious principle could be isolated from the 
complex of man’s physico-chemical environment. 

The katastash of Hippocrates was for the while forgotten. But the 
study of epidemics continued, nay was pursued with even greater inten- 
sity. This study developed along three tangents: statistical, historical 
and bacteriological. 

The statistical study was initiated by John Graunt, the son of a 


Within the lifetime of Sydenham, Harvey published De Motu Cordir, Descartes his 
performed his revolutionary physico-mcchanical experiments: ^ 

Studies; Leuwenhoek discovered the protozoa; Hooke published his Micrograplua, J 
drew up his BtVs of Mortality, and Newton issued his Pnncipia. 
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London draper, who himself became a prosperous shopkeeper and a 
Fellow of the Royal Society. In 1662 Graunt published a volume of 
statistical deductions based on the Bills of iMortality. He thus opened 
a new terrain which yielded to his followers most illuminating data 
on the dynamics not only of epidemic diseases but of a vast variety of 
other social and biological phenomena. 

The history of epidemic diseases was, of course, of continuous in- 
terest to man, and was even intertwined in his chronicles with the tales 
of the fortunes of men and of states. Toward the end of the Eigh- 
teenth Century, however, the history of epidemic diseases was culti- 
vated as a special discipline. The names of Philipp Gabriel Hensler, 
Leonhard L. Finke, Noah Webster, J. A. F. Ozanam, August Hirsch, 
J. F. C. Hecker, and Charles Creighton are preeminent in the history 
of epidemic diseases. Creighton’s A History of Epidemics in Britain is 
without doubt the “capo lavoro” in this field. It is rich in scholarship, 
profound in understanding and enormously wealthy in factual data. 

Before the influenza pandemic of 1918 swept the earth, most of 
the historical data on epidemics that had been gathered in the preced- 
ing centuries, was considered by most epidemiologists and physicians to 
be only so much curious lore by which to witness the blind gropings 
of the pre-bacteriological eras. However, the devastating influenza 
plague of 1917-1918 which dwarfed in its destructiveness the ravages 
of the World War, jolted at least a few among the epidemiologists out 
of their smug and patronizing state of mind. These epidemiologists re- 
discovered the precious worth of the historical studies on epidemics, 
and they have since made splendid use of the facts and ideas which 
these studies afford. The use that is lately made of the historical data 
will be dealt with later. 

There remains to be mentioned the last of the three tangents of 

O 

epidemiological development pursued since the days of Sydenham, 
namely, the bacteriological. The history of this development is too well 
and too commonly known to require elaboration. It need only be re- 
called that with the discovery of the disease-producing bacteria, epi- 
demiology promptly became identified Avith bacteriology, so that the 
two were almost considered synonymous terms. Pettenkofer’s was the 
last brave stand of the “constitutionalists” against the bacteriologists. 
Thereafter bacteriology held undisputed mastery over epidemiology. 
There were of course rebels, and hereticsj but they were as voices in 
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the wilderness. Major Greenwood neatly sums up the situation in the 
following words: 

“It is true that some of the leaders of the victorious bacterio- 
logical army, including Koch himself, warned us that the discovery 
of parasites and the elucidation of their life histories left much of 
the mechanism of herd illness unexplained, but some of the com- 
missioned officers and all the camp followers of the army would 
know nothing of this caution. It came to be believed, is still be- 
lieved by a majority, that epidemiology, from the scientific point 
of view, is a mere appendix of bacteriology, that when the means 
of infection and the vehicles of infection have been identified, the 
problem of an outbreak of herd sickness is solved. All the ideas 
of the ancients were dismissed as archaeological lumber and the work 
of such writers as Farr, Brownlee, and Ross politely ignored, taken 
to be mathematical, and therefore intellectually respectable, but of 
no practical importance,”* 

Such was the state of epidemiology during the first decades of the 
present century. Such it is this very day for most medical men. Two 
departments share between them the whole terrain of epidemiology: 
one is the statistical department; the other, the bacteriological. During 
the last two decades, however, there has developed in the field of epi- 
demiology a revival of interest in that which has for so long been for- 
gotten and neglected— the katastasis of Hippocrates, the epidemic con- 
stitution of Sydenham— and this has come about in the most interesting 
and diverse of ways. 

The precipitating cause of this revival was the last great influenza 
pandemic, but antecedent to it there were prodromal signs of disaffection 
to be noted among a small body of epidemiologists; disaffection with 
the neat and final assumption that the discovery of the materies morbi 
and of the methods and agents of their transmission resolved all the 
problems of epidemiology. The influenza pandemic inspired these dis- 
sidents with greater courage. Crookshank (F. G.), Greenwood (M.), 
Goodall (E. W.), and Hamer (Sir W. H.)** are the names outstand- 
ing among those who since 1918 “aroused greatly increased interest in 


Epidemiology Historical and Experimental by Major Greenwood (Herter Lectures for 1931 Johns 
Hopkins Press, Baltimore, 1932). 

F. G. Crookshank: Chadwick Lectures, 1918, (Abst.) : Med. Press & Circ., 

329 — M. Greenwood: Sydenham as an epidemiologist, Proc, Roy. Soc. Med., 1918*19, xu. np • 
Sect., 55, 61 — E. \V. Goodall: The epidemic constitution, Proc, Roy. Soc. Med., • • ' 
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the study of epidemics from the natural history point of view, and 
tended to discourage meek acceptance by epidemiologists of a belief that 
all that was required of them was to rewrite epidemiology in terms 
of causal organisms.”* 

In 1925 F. G. Crookshank spoke up in fine sarcasm: 

“Whilst leaving the bacteriologists to pursue their researches to 
a successful issue in the seclusion of their own laboratories— for it 
were impious to believe that persons w'^ho ignore clinical and epi- 
demiological data are not the predestined solvers of clinical and epi- 
demiological problems— it may be profitable to discuss briefly two 
questions that, although nowadays regarded— at any rate in the best 
medical circles— as hardly worthy of scientific investigation, have 
nevertheless engaged attention since the earliest ages. These ques- 
tions are, first, that of the periodicity of the recurrent pestilence 
we now call influenza, and, secondly, that of the dependence of 
these recurrences upon, or their correlation with, what used to be 
called telluric and cosmic influences,”** 

The exploration of these two problems, the periodicity of recurrent 
pestilences, and their dependence or correlation with “what used to 
be called telluric and cosmic influences” now'- yields astonishing and 
illuminating information; astonishing because unanticipated; illuminat- 
ing because it conforms with our best knowledge in medicine. 

In the effort to trace the periodicity of recurrent pestilence one 
comes upon the realization that history presents a spectacle which can 
be properly described as “a succession of new plagues for old.” This 
realization invalidates old beliefs, for it has been common to think of 
historical time in relation to epidemics as divisible into n^'o portions; 
one enormously long, and the other comparatively short. The segmen- 
tal line which separates these time portions corresponds to the period 
of the discovery of the pathogenic microorganisms. Thus the ante- 
cedent, earlier, greater stretch of time is characterized as that period 
during which the epidemic diseases ravaged a helpless mankind, while 
the later period is labeled the age in which mankind by means of mod- 
ern science, and most notably through all that goes under the name of 
bacteriology and immunology, mastered, one, by one, the plagues of 
antiquity. This characterization of time-experience is misleading and 


* Sir William Hamer; Epidemiology Old and pfezu, London, Kegan Paul, 1923. 
** F. G. Crookshank: Epidemiological Essays, London, Kegan Paul, 1930. 
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erroneous. History, to repeat, presents rather a continuous pageant of 
plagues, the unbroken succession of new plagues for old. 

The plagues of antiquity cannot be lumped together. True, some 
among* them, for instance bubonic plague and influenza, are as old as 
manltind. But others are distinctly of later origin, and some are very 
modern indeed. Bearing in mind that we are considering diseases in 
epidemic form, and not diseases as nosographic entities, we cannot help 
but recognize some herd diseases to be what the Germans call “Zivili- 
sationsseuche,” plagues of modern civilization. Among such we can list 
tuberculosis, cholera, typhoid, diphtheria, scarlet fever, and cholera in- 
fantum. This is not a complete list, and to it should perhaps be added 
certain of the psychological disorders, notably schizophrenia. But it is 
long enough a list to illustrate our thesis. Among the ancient epidemic 
diseases, those prevalent before the Christian era, we can list bubonic 
plague, malaria, and typhus, while during the medieval ages we can 
count smallpox, leprosy, syphilis, and influenza. It is pertinent to bear in 
mind that all of these disease entities very probably, and most likely 
existed since the most ancient days. None of them is assumed to have 
come into being within historical time. Only as epide7mc diseases are 
some certain ones labeled new, or recent. Hence it is a provocative 
and pertinent problem that confronts us, this problem of the succession 
of plagues, the demarche of new plagues for old. And, where else can 
we hopefully look for the solution of this problem but among “what 
used to be called telluric and cosmic influences.” Granting that the 
“contagium vivum” was ever present, as appears to have been certainly 
the case with the tubercle bacillus, why was it, for example, that tuber- 
culosis did not achieve the magnitude of a great epidemic disease until 
the Eighteenth Century?* Why was not Europe plagued by cholera, 
or diphtheria, or typhoid until what w'^e call modern civilization be- 
came well advanced? 

There are some, of course, who deny the validity of these questions; 
who maintain that Europe was indeed plagued by these diseases, bur 
that physicians lacking diagnostic and clinical acumen did not recognize 
them. Such a protest is but conceit articulate, the arrogance of an ig- 
norance that scorns the past. To this protest the gentle words of Richard 
Mead form a fitting retort. 

“For it must be believed that the first masters of our art who 


* Quotation from Brownlee. 
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are so careful in describing and distinguishing the signs of all dis- 
eases would not have briefly mentioned them but would have de- 
scribed them at length if they had but known of these at once ter- 
rible and contagious diseases.”* 

There can be no doubt that some epidemic diseases have been, and 
are, new sprung in the succession of time. And their origin is rooted in 
telluric and cosmic influences. Does this last statement sound like a 
profession of faith in astrology.^ Then it misleads. But who can gain- 
say the splendid findings of modem climatology, the painstaking work 
of Elsworth Huntington and of C. A. Mills, which reveal most defi- 
nitely the bearing of climate upon the prevalence of disease. By telluric 
and cosmic influences we however intend more than climate, more than 
even airs, waters, and places. We intend all that was embraced by the 
Hippocratic katastasis: The entire physical environment of the people 
and in addition their cultural, industrial, and economic status. 

I offer a brief and somewhat tentative illustration as to how changes 
in telluric and cosmic influences can contribute to our understanding 
of the historical succession of plagues. Let us review the experiences of 
the European peoples, notably the English, during the last three hun- 
dred years and see what bearing they may have on the new plagues 
which these people experienced. The period under consideration cor- 
responds to the development of the modem industrial system. This as 
we know embraces the substitution of the machine for hand tools, the 
growth of the factory and of the modern industrial community, and 
the creation of a new social class, the proletariat, the class that has but 
one commodity to sell, its labor power. Such in brief is the common 
summation of the technological, economic changes experienced during 
the industrial revolution. But there transpired during this period cer- 
tain other changes, of “telluric and cosmic” character; changes which 
affected large masses of people. The import of these changes, particu- 
larly in relation to epidemiology, is little appreciated. In the industrial 
revolution humanity experienced an unparalleled dislocation in its en- 
vironmental relationships. Never before in its history was there such 
population density, such prolonged and close compaction of persons in 
factories and slums. The industrial revolution rernoved large masses of 
people from the soil, distanced them from their food sources, changed 


Quot^ ^by Rolleston, J. D. : The History of The Acute E^afithemata. (The Fitzpatrick Lectures 
for 1933-36) London, Wm. Heinemann Ltd., 1937. 
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rheir diets, altered their foods, bound them by an exacting discipline 
never before experienced. The industrial revolution broke up the rural 
community, disrupted the homestead, dismembered the family. For mil- 
lions of human beings “airs, waters, and places” were changed, for the 
worse. The whole social and ethical realm was altered. Old values lost 
their validity, old relationships, their force and strengths. In the light 
of all this can we doubt but that these “telluric and cosmic influences” 
engendered an “epidemic constitution,” which favored the rise of the 
‘''‘Tjivilisationssmche”? And, what is perhaps more significant, in that 
it bears on our present day medical problems, can we doubt but that 
in order to overcome these plagues, the epide7mc constitution must be 
altered.!^ It is interesting to observe for how long this was a belief 
shared by the more profound students of epidemiology, albeit the 
others did not know or understand it. Sydenham groped about it, but 
never seemed to grasp it clearly, though Greenwood believes he did. 
In his essay on Sydenham as an Epidemiologist Greenwood states: 

“The bacteriologist— or, at least, his popular exponent— holds that 
all diseases can be attacked and conquered seriatim by specific meas- 
ures; isolate the organism, “stamp it out” or procure an artificial im- 
munity and that disease is “conquered.” But if my interpretation of 
Sydenham’s constitutions is correct, all that can be achieved in this 
way is either to reduce the number of stocks upon which a sta- 
tionary fever may be grafted or to reduce the number of stationary 
fevers, leaving the stocks upon which the remainder may be grafted 
untouched. Naturam expellas furca, tamen usque recurret, hence 
Watt’s theory of substitution, and Sydenham’s constitutions. So the 
problem of preventive medicine becomes wider and we are led to 
ask whether what is wrong with the unhealthy may not be not 
infection with this or that germ but— unhealthiness, even as the chief 
trouble of the poor is nor addiction to public houses but just plain 
poverty.”* 

William Farr also had a faint appreciation of the dominant signifi- 
cance of the epidemic constitution, for in his Thirtieth Annual Report 
he wrote: 

“It is, however, by no means proved that the general mortality 
under unfavourable sanitary conditions is much reduced by render- 


* M. Greenwood: Sydenham as an epidemiologist, Proc. Roy. Soc. Med., Sect, of Epidem., London, 
1919» vol. xii, parts i & ii. 
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ing a child insusceptible of one type, while he remains exposed to 
all other types of zymotic disease.”* 

Dr. Ozanam writing in 1817 differentiated clearly between the epi- 
demic proper and the epidemic constitution. He defined the epidemic 
constitution as “an indeterminate period during which diseases occur, 
which though they seem to have different characteristics; nevertheless, 
have the same origin and the same diathesis. It is an unique disorder of 
which the various forms are, so to say, only symptoms and which re- 
quires only one general method of treatment.”** 

Again Ozanam states: 

“The epidemic constitution has a more general influence upon 
the human being, but its effect is felt only in an irregular and diver- 
sified manner producing a variety of diseases; whereas the effect of 
the real epidemic is more direct, more uniform and more marked 
and neither hidden nor disguised as that of the former.”*** 

All of these authors, and others beside, sensed the significance of the 
epidemic constitution, and defined its nature with varying degrees of 
acuteness. Most of them conceived of the epidemic constitution in the 
narrower meaning of telluric and cosmic influences, in terms princi- 
pally of climatological and terrestrial factors. They knew there was 
more than these elements in the epidemic constitution, but they did not 
kno\v the nature of the unknown “more.” They could not even con- 
ceive of them. They, as all medical men, then thought of noxious states 
as due to the presence and operation of inimical agents or forces. They 
could not conceive of morbidity arising from the absence of subtle and 
essential factors. But then this realization, this recognition of disease re- 
sulting from a minus rather than from a plus state is the most recent 
achievement of medical science. 

It is rooted in the epoch marking discoveries in the realms of endo- 
crinology and of nutrition. This matter commands our attention, for 
in it lies much of the account for the vain gropings of the epidemiolo- 

* Quoted by M. Greenwood: Efidcmics and Crowd-Diseases. London, William & Norgate Ltd., 
1935. 

** “Une constitution epidemique est un espace de temps indetermine durant lequel regnent des 
maladies qui, quoique d"un caractere different en^ apparence, n*en ont pas moins toutes la meme 
engine et la meme djatiiese. C^est une maladie unique, dont les formes variees ne sont, pour ainsi 
dire, que des symptomes, et qui n^exige qu'une seule methode generale de traitement/’ J.A.F. 
Ozanarn: Histoirc niedicalc generale ct particuHerc des maladies cpidemiQites, contagieuscs ct 
cpizootiqncs. Paris, Lyon, 1817, p. 40. 

*** “La constitution epidemique a une influence plus generale sur Tespece humaine; mais son action 
ne se fait sentir ^ que d’une maniere irreguHere et diversifiee, ce qui produit la variete des 
maladies qui en deriyent; au lieu que Pepidemie a la sienne plus directe, plus uniforme et plus 
marquee sur les individus qu’elle attaque, et cette action n*est point latente ou masquee cotntne 
daris la premiere.’* J.A.F. Ozanam: Histoirc medicale generale et particalierc des maladies 
cpidenuques, contagieuscs et cpizootiques. Paris, Lyon, 1817, p. 42. 
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gists of the preceding centuries for the unknown factors of the epidemic 
constitution. They searched man’s realm for a something that was not 
there, in a manner that could not reveal it. They sought for a positive 
entity. They contemplated biological man as the stationary passive fixed 
entity upon whom the forces of the universe play their mysterious will. 
This viewpoint can be witnessed in two remotely diverse authors. Lud- 
wig Edelstein in a most interesting philological analysis of the Hippo- 
.cratic book JJEPI AEPfiN is distressed by Hippocrates’ preoccupations 
with the healthy man. Edelstein contends that “To be healthy means: 
not to be ill,” the life of the healthy, he believes, does not concern the 
physician. The Greek physician’s conviction that health has no being 
but is rather a perpetual development, he labels as something strange 
to modern people. The whole of this brilliant study, I might add, mis- 
conceives the substance and intent of the book Airs-Waters-Places. But 
Edelstein only shares in the reigning beliefs that disease is the positive 
state, that it is the resultant of aggressive forces which assault man’s 
constitution, that health is only the absence of disease. 

Von Behring is the other author whom we may call in witness. In 
the introduction to his Gesavrmelte Abhcmdhmgen zur dtiolo^schen 
Therapie von ansteckenden Krankheiten, von Behring states his credo 
in the following words: 

“. . . For we are of the opinion that in combating diseases we 
can achieve more by attacking the causes of disease than by an 
attack on the living cells and organs.” 

“Until now we only know that even the best intended, direct 
attacks on living cells and organs in order to animate or to stimu- 
late them into a state of modified activity, are more likely to harm 
the cells and organs, than to bestow upon them more health and 
resistance.”* 

We know today that it is eminently possible to influence the living 
cell. We know that to a very great extent the competence of the spe- 
cific disease-producing agents to injure the living body depends upon 
the telluric and cosmic influences which antecedently affected the hy- 
ing body. These influences are collectively embraced in the epidemic 
constitution. 

By all these considerations, and by their implications, suggested but 

* E. Behring; Gcsammeltc Abhandluiiyen sue atiologischen Therapie vou ansteckenden Krankhe 
Leipzig, Georg Thieme, 1893, p. LXX, LXXI. 
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not elaborated in this presentation, we are compelled to conclude that 
what Hippocrates intended by katastasis is the more important, factor 
in epidemic diseases, that modem medical advances have validated his 
contentions, and have elaborated on the components of the epidemic 
constitution. 

Finally we sum up the results of our study in this dictum. To the 
extent that medicine fails directly and indirectly to ameliorate the inter- 
relationships of man and his life’s realm, it can succeed only in deferring 
mortality but not in decreasing morbidity, and it may be taken as a 
corollary that to the extent that mortality is deferred, and life pro- 
longed, to that extent is morbidity multiplied and increased. 
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ADJUSTMENTS OF NERVE ENDINGS* 

Carl Caskey Speidel 

Professor of Anatomy, University of Virginia 

Harvey Lecture, January 16, 1^41 


nerve cell is the structural unit which underlies ner- 
vous activity. Nerve cells function in groups and in 
chains, the separate cells being linked with one another at 
synapses through their nerve fiber endings. Nerve end- 
ings are also the structures which receive impulses from 
the sensory apparatus and deliver impulses to the motor apparatus. It is 
obvious, therefore, that changes and adjustments in nerve endings may 
be of profound importance. 

In his classic work Cajak has presented a very complete picture of 
microscopic changes in nert’^e cells and endings as these undergo de- 
generation and regeneration in various parts of the peripheral and cen- 
tral nervous system. His observ^ations were made on fixed and stained 
material. Such a technique did not permit observations of the sequence 
of changes in the same individual endings. Nevertheless, Cajal had no 
difficulty in recognizing the normal resting nerv’^e ending, the ending 
with a growth cone at the tip, and the retracting ending with a retrac- 

* This Nvork has been aided by grants from the Grants-in-Aid Committee of the National Research 
Council, tlie Committee on Research of the American Philosophical Society (from the Penrose Fund), 
and the Committee on Scientific Research of the American Medical Association. 
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tion club at the tip. He also recognized that nervous autotomy some- 
times occurred. 

After his invention of the tissue culture method Harrison- made the 
first important direct observations on the living young nerve fibers as 
these grew out from explanted nerve cells. He described in detail the 
activities of the growth cones and the part they play in the spinning of 
new nerve fibers. Many other investigators have since used the tissue 
culture method in studying nerve cells explanted from various parts of 
the nervous system. 

An interesting and significant point is that so far in tissue culture the 
myelin sheath has not been differentiated. This is true even in cultures 
in which nerve cells and neurilemma cells are kept in intimate associa- 
tion with one another. The nerve endings that are present in tissue cul- 
tures, therefore, can hardly be regarded as mature endings of the type 
that in the living animal represent the terminations of myelinated fibers. 

Some years ago I found that it was possible to watch individual 
nerve fibers for prolonged periods in living frog tadpoles. A simple 
technique was used involving microscopic examination of the animal in 
a special upright chamber, the animal being temporarily immobilized 
with a weak anesthetic. With care the entire history of the same nerve 
fiber could be obtained for periods of several days or weeks, the animal 
being kept in good condition throughout the observations. Moreover, 
it was found possible to take satisfactory cine-photomicrographs re- 
vealing minute details of the changes in nerve fibers and their endings. 
Especially valuable were pictures of the “fast motion” type which 
vividly revealed relatively slow changes. 

The growth of individual nerve sprouts, the movements of neuri- 
lemma cells, and the process of myelin sheath formation were first 
studied.^’ This was followed by experimental studies of the phe- 
nomena accompanying nerve irritation and recovery, injury and repair,^' 
and by studies of the effects on nerve fibers of alcoholic intoxication^’® 
and metrazol treatment.®’^ Recent work, not yet published, has dealt 
with the effects on nerve fibers and their endings of electric shocks and 
of insulin treatments. The increasing use of shock therapy in the 
treatment of human mental disorders makes this field of investigation 
of timely interest. Other recent work, also as yet unpublished, h-as dealt 
with the changes in nerve endings during periods of normal rapid 
o-rowth in size of the animal, during alternating periods of stan^ation 
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and good nutrition, during alternating periods of exposure to strong 
and weak anesthetics, and during temperature variations. 

In this lecture I propose to give an account of the fundamental 
structural changes in nerve endings that are discernible under both nor- 
mal and experimental conditions. This account includes changes asso- 
ciated with growth, regeneration, starvation, treatments with chlore- 
tone, alcohol, metrazol, insulin, electricity, hypertonic salt solutions. 
X-rays, and temperature variations. This account also includes adjust- 
ments of nerve endings associated with local tissue ‘changes, such as 
occur during the progress of myelination, during tissue regulation after 
wound infliction, during the establishment of collateral innervation 
after experimental denervation of nearby territory, and during vari- 
ous local cellular movements. 

/ 

Obsek\’ations and Experiments 

A typical mature tree of endings of a myelinated fiber is shown in 
the accompanying illustration (Fig. i).* This sketch gives the appear- 
ance not only of the ordinary endings in the resting stage but also of 
those in stages of growth, retraction, irritation, and degeneration. 

Extension and Retraction of Nerve Endings During Early 

GRO^VTH AND REGENERATION 

The phenomena of marked extension and retraction are most readily 
to be seen at the tips of young or rapidly regenerating nerve fibers. In 
the living frog tadpole at an early stage of development cutaneous 
nerve fibers may be watched as they grow out toward the skin (Fig. 2). 
Typical mobile growth cones are present at the tips. These advance in 
somewhat sporadic fashion. The rate of progression, therefore, is subject 
to great variation. About 40 micra per hour represents rather rapid 
growth. At the tips of the pro.ximal stumps of regenerating nerve fibers 
growth cones also develop and move out in similar fashion. 

Second and later growth cones of other nerve fibers follow the 
line laid down by the first and a small nen-*e is thus formed. The fibers 
are naked at first. Soon, however, neurilemma cells move out along the 
nerve, multiply, and play an important role in the formation of both 
myelin sheath and neurilemma. Characteristic terminal arborizations, 
such as are shown in Fig. i, ultimately develop on myelinated fibers, 


* All figiircN c.xccpt ihc l.T?t (Fi^. IS) rcprc'ciil nerve iiljcrs ni the tail of the frog; 
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Fig. 1 — Diagram sliowing a cluster of cutaneous nerve endings. At a node 
of Ranvier (N.R.) a collateral branch is given ofiF which subdivides as 
shown. At the tips of most of the branches are typical resting endings (E). 
Two endings are characterized by growth cones (G), one by a retraction 
club (R), and one by a markedly swollen condition (S). A short length of 
one branch is in degeneration (D) and another in process of autotomy (A). 
This illustration of frog tadpole nerve endings peripherally located affords 
an interesting comparison with that of cat nerve endings centrally located 
(cf. Pig. 18). 


not only at the end of the most distal myelin segment, but also at 
collateral side branches which appear at some of the nodes of Ranvier. 
At the tip of each branch of a terminal arborization is a small spherical 
or ovoid end bulb (bouton). Any one of these, however, may become 
transformed into a growth cone and advance, or into a retraction club 
and retreat. 

Rapidly growing nerve endings under certain conditions may cease 
their advance and then undergo rapid retraction. This sometimes takes 
place spontaneously. It may also be induced readily by various experi- 
mental procedures. Among the methods which I have used to bring 
about retraction of growth cones are the following: treatment with 
alcohol, chloretone, metrazol, insulin, electricity, heat, hypertonic 
sodium chloride solution, starvation, and wound infliction by cutting or 
bruising nearby tissues with resulting general tissue adjustments. 




Fig. 2 — Normal rapidly growing nerve endings in a young tadpole shortly 
after hatching. A pioneer growth cone (S) at the tip of a single nerve fiber 
advanced through the tissues of the tail fin, its progress being shown from 
10:30 A.5I. to 4:00 r.Ji. At the end of one hour it had traveled about 45 
micra; at the end of two hours 85 micra; and at the end of five and one- 
half hours 220 micra. (The dotted line in the final sketch indicates that a 
part of the fiber lias been omitted from the drawing.) A second growing 
tip (T) followed the line laid down by the first. 


Retraction is initiated first by the transformation of a growth cone 
into a retraction club, and then by a regressive flow of neuroplasm 
proximally (Fig. 3). A fine pointed axial filament is often left for a time; 
then this is withdrawn. Sometimes a vigorous production of transient 
knob-lilce excrescences accompanies the retraction. These resemble 
similar excrescences that often characterize cells dividing by mitosis. 

The speed of retraction varies greatly. Over a brief period the 
amount of retraction sometimes exceeds the rate of one micron per 
minute, as in the case illustrated (Fig. 3). Usually, however, the rate of 
retraction is not so great. 

It is possible to induce conditions experimentally which alternately 
favor growth and retraction. The e.xample given (Fig. 4) shows how 
variations in the degree of chloretone anesthesia are effective in bring- 
ing about conditions which favor alternately retraction and growth. 
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it was in tlie position sliown, having retracted abo\it 45 micra. 

In an earlier investigation^-^ I have described similar instances in metra- 
zdl-treated tadpoles. 

As an ending recovers and grows out again after a period of retrac- 
tion, it may, or may not, follow its former course. Case histories which 
illustrate each of these possibilities have been presented in a previous 
paper which described nerve ending reactions in tadpoles subjected to 
alcoholic intoxication.^- 

Changes in the Endings of the Terminal Arborization of 
Myelinated Fibers During Normal Growth 

In general, as a tadpole grows in size the clusters of cutaneous nerve 
endings of myelinated fibers also grow. Although the majority of the 
endings of a cluster are directed superficially toward the skin, a few 
may be directed deeply. Aberrant deep sprouts of this type which are 
of no service as cutaneous endings undergo readjustment along one of 
the following lines: they may advance further through the tissues and 
then extend superficially to establish cutaneous connections; they may 
retract variable distances and then change their direction of growth to 
reach the skin; they may suffer a variable amount of degeneration or 
autotomy wdth subsequent growth to a superficial position; or, finally, 
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Fig. -I — Succes.sive retraction and extension of regenerating nerve endings, 
correlated ^vith treatments with strong and weak chloretone solutions. An 
active pioneer growth cone (S) and a second growth cone (T) were 
watched in a tadpole under chloretone anesthesia from 9:17 A.jt. to 12:4.0 
e.M. Strong chloretone treatments were given from 9:37 to 9:63, from 
10:33 to 10:53, from 11:49 to 12:07, and from 12:29 to 12:40. At other times 
over the period illustrated the tadpole was immersed in either pond water 
or very weak chloretone solution. Tj’pical retraction stages followed each 
of the four strong chloretone treatments; as at 9:46 and 9:31, at 10:4-1, 
at 11:59, and at 12:10. Typical growth stages characterized the other periods 
while the tadpole recovered in pond water or in weak chloretone. Before 
11:42 a second growth cone (T) grew into the field illustrated, following 
the line of the pioneer fiber. A short branch (R) was present for about 
one hour, but retracted fully before 12:27. 

they iivay be completely eliminated by either full retraction or auto- 
tomy. 

I have obtained several complete case histories of the changes in 
entire trees of nerve endings while the frog tadpole grew markedly in 
size over a period of a month.* The example given here illustrates the 

• Dclat!' «>i thc'*c have l.ccn m ihc J. Comp. Scurvl., 76:S1. 




Fig. 6 — Successive retraction and extension of a nerve ending correlated 
with successive periods of starvation and good nutrition. A motion picture 
record of this case was obtained. On April 16th a nerve ending with growth 
cone tip was observed slowly advancing. After three days of starvation 
definite retraction had taken place. On April 19th a typical retraction club 
was present at the tip. From April 20th to 2Tth food was made" available 
and the ending again advanced. A second period of starvation was followed 
by a second retraction on April 28th. 

changes of only two of the endings of a terminal arborization (Fig. s). 
These are sufScient, however, to indicate that extension, retraction, 
branching, and elimination of branches all may take place during normal 
growth. They indicate further that a gradual increase in nerve ending 
extent is correlated with the increase in the growing terrain, and that 
a marked decrease in nerve ending length finally results when the tail 
fin undergoes reduction in size as metamorphosis stans. 

Nerve endings often reflect general growth conditions. They are 
markedly influenced by variations in nutrition. Thus, in two tadpoles 
in which end arborizations were under observation for several weeks 
it was noted that a complete change of aquarium water and food mate- 





5 — Adjustments of two nerve endings over a period of four weeks 
during marked growth of tlie tadpole. The sketches are made exactly to 
scale frcm motion picture records. A distance of 0.02 mm. (20 micra) is 
indicated below. During the period from April Sth to May 6th, the ending 
e,\hibitcd extension, retraction, and branching. On April lOth a leukocyte 
(L) approached and pressed against the ending at the left. Extension of 
Uii.s ending occurred .shortly afterward. The final reduction in length of tlie 
endings from May Itlj to May 6th was correlated with reduction in tlie size 
of the tail fin, as tlie tadpole began metamorphosis. (The dotted lines in tlie 
first sketcli indicate that some of tlie nerve fiber length has been omitted 
from the drawing.) 
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Fig. 7 — Nerve endiiig retraction and new branch formation correlated with 
starvation succeeded by good nutrition. A motion picture record of this 
case was obtained. From April I8th to April 26th a tadpole was deprived 
of food; thereafter food was made available. A nerve ending (P) retracted 
about 18 micra during the period from April 21st to 26th. After that, in 
spite of the fact that food was made available, retraction continued to the 
extent of about 60 micra. Proximally along the retracting ending, however, 
a new branch (Q) grew out. (The dotted line indicates that some of the 
lengtii of tile fiber has been omitted from the drawing.) 

rials brought about a spurt of general bodily growth within a few days. 
In each of these animals the nerve endings under observation exhibited, 
likewise, marked growth during the same period. Conversely, if food 
conditions are not quite favorable enough to support general bodily 
growth in a young tadpole, nerve endings are likely to exhibit little or 
no growth. Individual branches of a terminal arborization may react 
independently. One ending may grow while another retracts. 

Terminal arborizations of regenerating fibers develop in regenerating 
zones about two weeks after partial tail amputation. Myelination pro- 
gresses rapidly at this time. Case histories of the changes in the nerve 
endings of such regenerating regions are quite similar to those of normal 
growth, although somewhat greater variation is displayed. 

Effects of Starvation on Nerve Endings 

Starvation causes general changes in the tissues of the tadpole’s tail. 
Epithelium, muscle, connective tissue, and nerve all exhibit definite irri- 
tative changes. Nerve endings may undergo swelling, retraction, auto- 
tomy, and degeneration. Examples of each of these have been observ^ed. 
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Fig. S — Some dianges in nerve ending.s oorreiated with alcoiiolic intoxica- 
tion. Tadpole subjected to 3% alcohol for t" minutes on April 3rd and 
again for 95 minutes on April 8th. Nerve ending, P, was eliminated after 
the first treatment. Ending, S (vs’ith its two suh-hranches which are not 
fully shown in tiie drawing), was eliminated after the second treatment. 
Ending, R, underwent some retraction. New branches, T and U, appeared 
after the second treatment. JIarked uneven swelling of the fiber also was 
visible in the region of .1, on April 8th; also at Q, R, and S. 


Young tadpoles arc particularly responsive to alternating periods of 
starvation and good nutrition. Their nerve endings display regressive 
changes alternating with progressive changes. In the e.vample given 
(Fig. 6) successive advance and retreat of a nerve ending were induced. 
This was correlated with the general nutritive conditions. While exact 
correlation was not found for all individual nerve endinss in cases of 
this type, it was quite obvious that starv^ation brought about general 
regressive changes in both nerve fibers and their endings. 

The other case cited (Fig. 7) indicates that regressive change in an 
ending initiated by starvation may continue, as regards that particular 
ending, even after good nutrition is restored. The recovery in this case 
was shown by the development of a new branch some distance proxi- 
mally to the retracting ending. 

A nerve ending in another starved tadpole formed the subject of an 
interesting motion picture record. As the picture was being taken, a 
greatly swollen end bulb underwent autotomy, after which it was 
ingested by a phagocytic leukocyte, while a new abortive growth cone 
appeared at the new tip of the nen’e ending. 




Some Changes in Nerve Endings Correlated with 
Alcoholic Intoxication 


Frog tadpoles, immersed in weak solutions of alcohol for suitable 
periods of time, become slightly dazed. Their nerve fibers and nerve 
endings exhibit conspicuous changes. These changes have been described 
elsewhere in some detail with illustrations of many individual case his- 
tories.^-® Myelinated fibers exhibit vacuolation, fibrillation of the axis 
cylinder, swelling, progressive separation of axis cylinder and myelin 
sheath, globule formation, and in extreme cases complete degeneration 
of some myelin segments with or without degeneration of the corre- 
sponding length of axis cylinder. 

The cutaneous nerve endings exhibit swelling, retraction, and degen- 
eration with or without autotomy. Sometimes retraction is sufficient to 
bring about elimination of a branch. During the recovery period follow- 
ing alcoholic intoxication, irritated endings may exhibit reduction of 
swelling, extension, and the formation of new branches. Endings of the 
fiber illustrated (Fig. 8) exhibit swelling, retraction, elimination of some 
branches, and formation of other new ones. A normal end bulb is in 


the gel state. With increasing irritation an end bulb changes progres- 
sively from the gel state toward the sol state; with recovery it returns 
to the gel state. 

The effects of alcohol on growing nerve sprouts during rapid regen- 
eration are even more striking. I have taken motion pictures of growth 
cones as they are transformed into retraction clubs which then rapidly 
retreat. With restoration of normal conditions the retracting nerve tips 
within a short time develop new growth cones and resume their advance 


through the tissues. They may proceed along their former course or 
along a new path. Examples of each have been observed and recorded 
cine-photomicrographically. Rapidly regenerating nerve tips exhibit iii 
somewhat exaggerated fashion the same fundamental changes shown 


by the resting nerve endings of terminal arborizations. 


The Neurilemma in Relation to the Duplication of an Original 
Nerve Pattern by a Regenerating Fiber 

An important question in the regeneration of a nerve fiber and its 
endings concerns the extent to which exact duplication of an original 
pattern may be expected. Several case histories of experimental nerve 
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I'M;:. S) — Tl>e iicurileiimiu as a directing factor during nerve regeneration 
in tiic exact duplication of an original pattern. On June 12th a nerve fiber 
ended as shown with brandies at P, Q, R, and S. Tlie fiber was then sec- 
tioned some distance proximally. On June 15th degenerating remnants of 
tlic fiber were still visible witiiin the neurilemma. The neurilemma was vis- 
ible as far distaliy as S with short funnei-like extensions at Q and R, 
though not at P. On June 2Jrd the regenerating fiber had grown back into 
the old neurilemma and had given rise to a set of endings at Q, R, and S. 
Pxact duplication of tlie original nerve pattern corresponded only to the 
part endosed by neurilemma. The pattern of branching of tlie fiber not 
ensheatlicd by neurilemma was unlike the original jiattern. Collateral 
brandies appeared at Q and R, but not at P, a result possiblj’ correlated 
with the presence or ab.sence of neurilemma side extensions at these points 
(cf. also Fig. 10). 


section and of spontaneous degeneration and regeneration of fibers 
under observation have yielded clear-cut data on this point. The example 
given (Fig. 9) shows that a regenerating fiber growing within the old 
neurilemma tube duplicated the original pattern only as far as the neur- 
ilemma extended. Any branches that arose distaliy to this were naked 
and their pattern of branching bore no special resemblance to the orig- 
inal pattern. 

Other case histories have given similar results. The inference is clear 
iliat the patterns of free unsheathed nerv^e endings which suffer degen- 
eration are not exactly reproduced by regenerative processes. This fea- 
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Fip;. 10 — Severe injury of a nerve fiber by metrazol treatment, with de- 
generation of a collateral braticli with its cluster of endings followed by 
regeneration of a new collateral with a new pattern of endings. A motion 
picture record of this case was obtained. On May 5th a collateral of a 
myelinated fiber at a node of Ranvier branched as indicated. (The drawing 
.shows the tip of only one of the branches.) Metrazol was administered in 
.strength sufficient to induce degeneration of the entire collateral branch, as 
well as a short length of the main myelinated fiber. On May 6th the neuri- 
lemma sheath was present filled with degenerative debris of the fiber. On 
May 7th the main fiber had regenerated and given rise to a collateral at the 
former node of Ranvier site. Three endings developed on the collateral. The 
pattern of branching, however, was quite unlike that of the original pattern 
before the injury. 


ture of nerve ending regeneration is of decided significance in connec- 
tion with the question of synapse stability in the central nervous system, 
a problem to be discussed below in this paper. 

Degeneration and Regeneration of Nerve Endings in 
Metrazol-treated Tadpoles 

Profound alterations become visible in the tissues of metrazol-treated 
tadpoles. The circulation is markedly affected. It may stop temporarily 
in the small vessels near the edge of the tail fin. Muscle, epithelium, and 
nerve all exhibit structural changes. 

The nerve changes are of special interest. They afford a basis for 
the interpretation of certain results that have been obtained in the treat- 
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ment of human mental disorders by injections of metrazol. In a previous 
paper®-^ I have described the results of subjecting tadpoles to mild, 
moderate and severe treatments with metrazol. Case histories have been 
presented which illustrate nerve fiber recovery after various gradations 
of irritation and injury. One example is offered here (Fig. 10) of the 
degeneration of a cluster of endings after severe metrazol treatment, 
followed by regeneration of a new group of endings with a different 
pattern. In this case the metrazol treatment caused elimination of an 
entire terminal arborization. It also caused degeneration of several of the 
most distal myelin segments of the main fiber as well as some of the 
corresponding axis cylinder. Nevertheless, regeneration quickly ensued. 
A new sprout grew out from the main fiber at the place of the original 
collateral. Its manner of branching, however, bore no resemblance to 
the pattern of the original arborization. This case, like that of Fig. 9, 
indicates that the patterns of free unsheathed nerve endings which un- 
dergo degeneration are not exactly duplicated by regenerative pro- 
cesses. 


Reactions of Nerve Endings in Tadpoles Subjected 
To Electric Shocks 

One of the best means of bringing about alterations in nerve ending 
patterns is through the use of electric shocks of suitable strength and 
number. Along with metrazol and insulin treatments for certain human 
mental diseases, the electric shock therapy has been gaining favor. Ob- 
servations of nerve ending reactions to electricity in tadpoles, therefore, 
are of particular interest because of their possible application to nerve 
ending changes at synapses in the brain of human mental patients fol- 
lowing electric shock treatments. 

I have subjected tadpoles to various degrees of electrically-induced 
injury. Excellent case histories have been obtained of nerve fibers and 
their endings as these suffer injury and then recover. The example given 
(Fig. ii) shows a swollen nerve fiber on the day following a toly 
severe series of electric shocks. One small branch underwent degenera- 
rion. Another ending, though somewhat swollen, readily recovered and 
grew out into new territory. 

Other case histories of electric shock injury and recovery indicate 
that loss of nerve substance may be much greater in extent. In extreme 
cases an entire collateral may suffer degeneration, as in the metrazol 


640 


THE BULLETIN 



Fig. 11 — Elimination of one nerve ending, and swelling and extension of 
another following electric shock treatments. On the day following a series 
of electric shocks a myelinated fiber was noted in greatly swollen condition. 
One ending (S) exhibited swelling. Another short branch (R) was in 
process of degeneration. On the next day (i.e., two days after the electric 
shocks) the myelin segment was almost normal; the ending (S) was less 
swollen; and the ending (R) was gone. On the following day S had ad- 
vanced markedly and was provided with a growth cone. 


case cited above (cf. Fig. lo). In one rather interesting case the elec- 
trical treatment was just strong enough to induce degeneration of sev- 
eral myelin segments of a fiber. The enclosed axis cylinder, however, 
survived although its endings suffered marked reduction with complete 
elimination of some. During the recovery period of the next few days 
new branches developed. Further details of electric shock experiments 
will be published in a separate paper.* 

Changes in Nerve Endings of the Distal Stump After Section 

After a myelinated fiber is cut typical degenerative changes quickly 
become discernible in the endings which belong to the distal stump. In 
the example given (Fig. 12) within the first hour swelling of the endings 
was noticeable. Retraction, granulation, and liquefaction also took place. 
Later the branches became exceedingly tenuous and began to fragment. 


• This paper has now been published in the Proc. Am, Philos. Soc.^ 1942, 55:163. 





Fig. 12~Degenerative changes in nerve endings after nerve section. On 
February 9tli at 3:03 a myelinated nerve fiber was cut at a point some 
distance proximally to the part illustrated. At 3:27 p.m. distinct changes 
in the nerve endings of the collateral branch were discernible. The ending 
at the left exhibited swelling and retraction club formation; the ending at 
the right exhibited swelling and thickening. Other changes became visible 
during the next six hours at the times indicated. On February 10th at 
11:03 A.jr. the three endings of the collateral branch were still visible. 
At tills time tlie collateral was exceedingly tenuous. iVIyelin degeneration 
was visible. At 9:45 p.m. the short length of fiber sketched at the right 
was all that was left of the entire collateral. No trace of this was visible 
on February 11th. 
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Fig. 13 — Response of nerve endings near a wound during subsequent tis- 
sue regulation and repair. During the first day after a minor wound inflic- 
tion a group of nearby nerve endings exhibited swelling and slight retrac- 
tion. After two days growth cones were present on some of the endings. A 
new branch (S) was present. One ending, however, still exhibited swelling 
and one had retracted. After four days several endings had advanced 
toward the zone in which tissue repairs were taking place. All endings at 
lliis time were in the resting state. 


It is clear that these degenerative changes in endings belonging to 
the distal stump bear a decided resemblance to the various irritative 
changes in endings, such as have been pointed out in many of the experi- 
mental treatments described above. In other words, the early changes in 
an irritated ending which is destined to recover are much like the early 
changes in a degenerating ending which is destined to be lost completely. 

Changes in Nerve Endings Near a Wound As Cellular 
Regulation and Repair Ensue 

If a local wound is made in the tadpole’s tail by cutting, bruising, 
or other means, irritation of nearby nerve fibers takes place. Typica 
irritative changes of swelling and retraction may be seen readily m fa- 
vorable cases. If the nerve endings under observation are too close to 
the wound, or if the wound becomes too extensive, complete degenera- 
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Fig. 1*1 — The origin of collateral sprouts from ii nerve following experi- 
mental denervation of an adjacent zone. On May atth by appropriate sec- 
tioning of the tadpole tail fin a zone in the direction of the arrows was 
deprived of its nerve supply. The nerve figured was at the edge of the de' 
nervated region. Two new side sprouts arose, one on May 2Tth and one on 
May 28th. These grew and by May 30th had given rise to seven endings 
which supplied a part of the denervated zone. P, Q, and R mark the posi- 
tions of neurilemma sheath cells. (The two sheath cells at R arose by divi- 
sion from a .sheath cell which transferred from a degenerating nerve in the 
denervated zone.) 


tion of endings may ensue. On the other hand, if the wound is too 
slight or if the endings are too distant,' little or no change is visible. In 
suitable cases, however, e.vcellent case histories of regressive and pro- 
gressive changes in nerve endings from day to day may be obtained. 
In the e.xample cited (Fig. 13) the endings of a terminal arborization 
exhibited definite swelling and retraction during the early period of 
injury. This was followed by recovery with growth and branching 
as wound repair proceeded. 
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Fig. 15 — Origin of a nerve sprout correlated with mitosis of a nearby 
myoblast. A motion picture record of this ease was obtained. A young 
muscle cell in division was located close to a small unmyelinated nerve and 
sheath cell. Immediately after the metaphase of mitosis a knob-like bulge 
appeared at the side of the nerve. This rapidly grew out as a new nerve 
branch, the tip remaining in contact with one of the daughter cells. 


Evocation of Collateral Sprouts from a Nerve Following 
Experimental Denervation of Adjacent Territory 

Obliteration of the nerve supply for a region quickly sets in motion 
recovery processes that will ultimately lead to the restoration of inner- 
vation of the affected region. An important feature of such recovery 
processes is the response of the nerves nearest the denervated zone. 
These may give rise to new sprouts which then quickly grow into the 
denervated territory. Presumably in some manner the denervated zone 
constitutes a local stimulus with sufficient influence . to evoke new 
sprouts from nearby fibers which otherwise would not have given rise 
to them. In the example given (Fig. 14) a period of three days was 
enough to elicit the first new collateral branch from the adjacent nerve. 

Neri'e Fibers and Endings As Affected by Dividing Cells 

Many instances have been recorded in which a nerve fiber exhibited 
definite changes during the division of a cell in close proximity. In one 
case (Fig. 15), as a young muscle ceU divided by mitosis a new sprout 
arose from a nearby unmyelinated fiber. The sprout arose at a time 
of great agitation, namely, immediately after the dividing cell passed 
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Fig. 16 — Origin of a collateral set of endings from a myelinated fiber 
following sheath cell mitosis. In a young tadpole a sheath cell belonging 
to the penultimate myelin segment of a fiber imderwent mitosis. The myelin 
became divided into two segments, each with a daughter sheath cell. Three 
hours after the mitosis a new young cluster of endings was visible, arising 
from the main fiber at a point between the two daughter sheath cells. 


the metaphase stage. At this time the whole locus was in a state of 
activity, a feature clearly revealed by the fast motion cine-photomicro- 
graphs that were obtained. 

A dividing neurilemma sheath cell also constitutes a stimulus for 
the origin of new collateral nerve sprouts. I have watched several ex- 
amples, including both myelinated and unmyelinated fibers, in which 
new branches arose following the metaphase. Motion pictures of divid- 
ing neurilemma cells vividly demonstrate that at such a time the nerve 
fiber swells and becomes more plastic. It is certainly stimulated mechan- 
ically, and possibly chemically, by the dividing cell. The case selected 
here for illustration (Fig. 16) shows the origin of a new collateral 
branch after mitosis of a neurilemma cell associated with a myelin 
segment. 

Neurilemma cells also play a part in aiding regenerating nerve fiber 
tips to get past obstacles. Such aid is sometimes accompanied by mitotic 
division of the neurilemma cell. Examples of this have been presented 
in previous papers.^- 

Connective tissue cells in division may also cause activity of nerve 
endings provided they are in close juxtaposition. In two cases I have 




Fig. 17 — Elimination of a collateral branch by advancing myelination. 

On October 31st a side branch (P) was present at the end of a terminal 
myelin segment. During the next three days the myelin advanced beyond 
the side branch, as indicated. By November 12th the side branch had 
become entirely eliminated. 

seen a nerve ending of resting type become transformed into one of 
growing type, as a result of the motion of a contiguous dividing con- 
nective tissue cell. In one case the nerve ending tip advanced a short 
distance. In the other case there was no advance-, after a brief period 
of activity characterized by slow movements of delicate pseudopods, 
the nerve tip again became transformed into the resting type with 
spherical end bulb. 

Myelination as a Factor in Elimination of Nerve Endings 

Myelination accompanies the growth and maturing of nerve fibers. 
One feature of this is the increase in the size and complexity of many 
of the terminal arborizations. Nevertheless, another important aspect 
of myelin sheath formation is the complete elimination of some collat- 
eral branches with their endings. I have observed many cases of this. 
In the e.xample given (Fig. 17), a collateral branch was eliminated dur- 
ing growth of a myelin segment. In a previous paper^*’’ I have illus- 
trated a similar elimination of a much larger collateral side branch 
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which had itself become ensheathed with a myelin segment. 

The myelination process, however, does not always eliminate col- 
lateral branches which are not located at nodes of Ranvier. I have fol- 
lowed the histories of many such internodal collaterals and noted their 
sundval up to the time at which metamorphosis took place. 

Miscellaneous Observations 

A few other observations of nerve ending adjustments may be men- 
tioned briefly. Typical regressive changes in nerve fibers and their 
endings have been induced by heat (37°-4o° C.) and cold, by relatively 
weak hypertonic sodium chloride solutions, by X-rays, by insulin ex- 
tracts, and by foul aquarium water in which putrefaction is occurring. 
Recovery takes place after such irritants provided the injury is not too 
great. 

Circulatory disorder is usually associated with nerve irritation. 
Chlofetone, alcohol, metrazol, insulin, electric shocks, and hypertonic 
salt solutions all cause a slowing of the circulating blood. Nerve ending 
changes follow. Rarely, as in one case of chloretone treatment, an ad- 
vancing growth cone of a regenerating fiber continued its activity and 
advanced an appreciable distance after the circulation in the entire tail 
had ceased. 

As the time for metamorphosis of the frog tadpole approaches, the 
tail fin suffers increasing reduction in size. Irritative and degenerative 
changes become apparent in all of the tissues. Nerve fibers and their 
endings become affected. The nerve endings exhibit swelling and may 
suffer some retraction. Occasionally, however, growth and extension of 
an ending is visible even in a markedly reduced tail fin. 

Connective tissue cells often block advancing nerve endings. Pro- 
longed blocking may lead to nerve autotomy. Blocking of a rapidly 
regenerating nerve fiber tip may be followed by retraction and growth 
in a new direction, or by retraction and branching with growth of the 
branches in new directions past the obstruction. 

CiNE-PHOTOAlICROGRAPHS OF NerVE EnDING ADJUSTMENTS 

Cine-photomicrographs of both normal and fast motion types have 
been obtained directly from living tadpoles. These record the typical 
changes in nerve endings under ordinary conditions and under condi- 
tions of irritation, injury, and recovery. Fast motion cine-photomicro- 
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graphs are particularly valuable in revealing slow tissue changes. Pro- 
longed day-to-day case histories are suitably shown by pictures taken 
at the normal rate. The motion pictures exhibited include, in addition 
to changes in nerve fibers and nerve endings, the activities of some other 
cells which are associated with nerve ending adjustments. 

The subjects of some of the pictures follow. 

1. Rapidly growing nerve tip blocked temporarily by a connective 
tissue cell process. 

2. Rapidly growing nerve tip advancing through the tissues after 
passing a blockade formed by two connective tissue cells. 

3. Two growth cones diverging as they advance. 

4. Retraction of a growth cone (two examples) . 

5. Retraction of an actively advancing nerve tip induced by alcohol 
treatment, followed by resumption of growth along a new route with 
the restoration of normal conditions. 

6. Reactions of the myelin sheath, axis cylinder, and nerve endings 
during and following alcohol treatments. 

7. Swelling, retraction, recovery, autotomy, and degeneration of 
nerve endings in alcoholized tadpoles. 

8. Degeneration of an entire cluster of nerve endings caused by 
severe metrazol-induced injury, followed by regeneration of a new 
nerve ending pattern at the former site. 

9. Epithelial cells (overlying irritated cutaneous nerve endings) 
displaying rapid movements of readjustment, three hours after metrazol 
treatment. 

10. Lymphocyte movements within the neurilemma of an adjusting 
nen'^e trunk after metrazol injury. 

11. Continuous, though slow, advance of a cutaneous ending over a 
four day period in a tadpole nearing metamorphosis. 

12. The retraction of an ending, initiated by starvation, continu- 
ing even after normal food conditions have been restored. 

13. The genesis of a nerve branch in close proximity to, and prob- 
ably stimulated by, a dividing myoblast. 

14. Nerve adjustments associated with division and movements of 
sheath cells. 

15. Growth of fibroblast process following fibroblast mitosis (for 

comparison with nerve tip growth) . 

16. Markedly swollen nerve endings on the day following severe 
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electric shock treatments. 

17. Electrical injury of nerve endings with swelling and degenera- 
tion, followed during the next four days by nerve ending extension and 
establishment of new connections. 

18. Clotting at the muscle-tendon junction of a fiber of striated 
muscle during electrical injury. 

19. Two case histories showing successive retraction and advance 
of the same individual nerve endings, correlated with alternating periods 
of starvation and good nutrition. 

lo. Chronic swelling and autotomy of an end bulb of a fiber in a 
starved tadpole, followed by development of an abortive growth cone 
tip. 

2 1 . Comparison of macrophage activity during ingestion of a swol- 
len degenerating nerve ending and during ingestion of an extravasated 
red blood cell. 


Discussion 

A few points suggested by the foregoing observations may be dis- 
cussed briefly. It is clear that while there are many varieties of irritation 
and injury, nerve fiber endings display only one general pattern of 
changes. This includes swelling, retraction, and variable amounts of 
degeneration. Likewise, the changes during recovery follow one gen- 
eral pattern. This includes reduction of swelling, growth and branching 
of endings, and the establishment of new terminal positions.* The point 
has already been made that the end arborizations are free and un- 
sheathed. There is, therefore, no duplication of an original pattern of 
ner^'^e endings as a part of the recovery process following a period of 
regressive change. This feature makes for flexibility. Nerve endings 
are not absolutely fixed and stable. They adjust themselves to changing 
stresses and strains. 

It should be emphasized that my observations deal only with free 
unsheathed endings, peripherally located. This type, however, is pres- 
ent in enormous numbers in the central nervous system, raking part 
in the synapses between ner\'e cells. CajaP-"* has given us many illus- 

* Nerve endings represent the part of the nerve cell that is most distant from the cell nucleus. In 
general, it is true of cells having long processes that the most peripheral parts suffer regressive change 
first. I have watched irritated connective tissue cells, pigment cells, and the endothelial cells of blood 
.and lymph capillao’ sprouts. During tiie phases of irritation and recovery, the tips of the processes 
of these cells exhibit changes much like those of nerve endings. The behavior of the nerve ending-, 
therefore, is not unique. 
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Fig. 18 — A terminal arborization of nerve endings in tlie gray matter of 
the cat’s spinal cord, arising from a collateral branch of a myelinated fiber 
in the wliite matter. Redrawn from Cajal, representing two illustrations 
combined. This illustration of synaptic nerve endings in the central nervous 
system is strikingly similar to that of peripheral nerve endings at the skin 
(cf. Fig. 1). 


trations. In the example reproduced here from the cat’s spinal cord (Fig. 
18) is shown a collateral branch with its terminal arborization in 
the gray matter. This tree of free nerve endings is quite like those in 
the frog tadpole which have formed the subject of my investigations. 
Similar end arborizations are present also in the brain. 

Unfortunately direct observations cannot be made on nerve endings 
located within the central nervous system. Case histories of individual 
endings, therefore, have never been recorded. The fixed preparations of 
Cajal, ^ hon'^ever, clearly show that a centrally located nerve ending 
does not always have a resting end bulb tip. It may have a swollen irri- 
tated tip, a growth cone tip, or a retraction club tip. Endings exhibiting 
degeneration and autotomy are also apparent. 

Accordingly, there is little doubt in my mind but that the free nerve 
endings of the central nervous system may undergo changes during 
irritation, injury, and recovery much lUte those of peripherally located 
endings. This is significant because of the role such endings play at 
synapses. The conclusion seems justified that some flexibility in synap- 
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tic connections is possible; that certain changes may take place from 
time to time with the elimination of some old synapses and the estab- 
lishment of some new ones.* I have already proposed such an anatomical 
mechanism as a basis to account for the changed mental outlook that 
sometimes occurs in metrazol-treated human beings.^' ^ 

Not all synapses are alilte. In some cases there is extensive contact 
between the two nerve cells concerned through complex interlacing 
of their processes. In other cases there is relatively limited contact, the 
endings of one nerve cell merely touching at one or more places the 
endings, or processes, or cell body of the other nerve cell.** The former 
type of synapse would probably be more stable than the latter type. 

Nerve fibers which supply striated muscle are usually ensheathed 
with neurilemma all the way to the muscle fiber end plate.'’^ Like- 
wise, nerve fibers which end in special sensory corpuscles of the encap- 
sulated type are usually ensheathed with neurilemma all the way to the 
corpuscle." Such endings would also be more stable than those of 
the free type. If injury did take place the surviving neurilemma would 
function to direct the regenerating fiber along the original path to the 
end structure concerned. < 

In conclusion, it seems probable to me that nerve ending changes 
accompany many bodily disorders of both acute and chronic types; 
such, for e.xample, as during severe infectious diseases characterized by 
to.xins and fever, during states of marked hormonal imbalance, dur- 
ing chronic vitamin deficiency, during marked circulatory and kidney 
disturbances, and during the gradual tissue degeneration that character- 
izes the approach of senility. In man, the synaptic changes in the brain 
probably would be of most significance in accounting for whatever 
mental changes might accompany such general bodily disorders. 

Summary 


I. The nerve endings of terminal arborizations of myelinated fibers 
in frog tadpoles, though relatively stable, may undergo adjustments 
under both normal and experimental conditions. The principal changes 
exhibited are swelling, retraction, extension, branching, autotomy, and 


Extensive regeneration of cells and fibers docs not occur in the brain and spinal cord, as is 

well known. Neverthe css. Cajal* presents many illustrations which lead me to the conclusion 
or rc^cssivcly'^ branches of terminal arborizations readily adjust themselves either progressively 

I agree with the "contact idea'* as to the nature of the synapse. Strong evidence for this has Kpcn 
presented recently by Bartclmez and Hocrr5 and by Bodian.« ^ ° “ 
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degeneration. Essentially similar nerve ending adjustments result from 
slow chronic changes and from rapid acute changes. 

2. During a period of general bodily growth, a terminal arborization 
increases in the size and number of its branches. From time to time 
individual endings may become swollen. They then may extend by 
growth cone activity, or retract, or suffer degeneration. Sometimes auto- 
tomy of a branch, or a part of a branch takes place. Some endings of 
cutaneous fibers are aberrant and grow in a deep, instead of a superficial, 
direction. Such branches become eliminated by retraction, or degenera- 
tion, or as further growth takes place they may change their course in 
such manner as to extend in a superficial direction. 

3. Starvation induces regresssive changes of swelling, retraction, and 
degeneration. Successive retraction and growth of the same individual 
endings may be induced experimentally by imposing on tadpoles alter- 
nating periods of starvation and good nutrition. 

4. Treatments of tadpoles with alcohol or with chloretone may 
cause typical regressive changes in nerve endings. With such treatments 
alternating with recovery periods, regressive and progressive changes 
may be induced successively in individual nerve endings. The growth 
cone tips of rapidly regenerating nerve fibers are particularly suscep- 
tible to experimental modifications of this sort. 

5. At rest the end bulb (bouton) at the tip of a branch is in the gel 
state. During irritation it undergoes increasing change toward the sol 
state as swelling ensues. During recovery it returns to the gel state. 
Retracting and growing tips are in an intermediate state. 

6. During regeneration after injury, nerve fibers and their branches 
duplicate an original pattern only as far as they are ensheathed by the 
original neurilemma. Free unsheathed nerve endings, therefore, establish 
new connections during recovery. 

7. Nerve fibers and their endings display marked changes of irrita- 
tion and injury in tadpoles subjected to metrazol, or to insulin, or to 
electric shocks. With recovery after each of these treatments the pat- 
terns of individual nerve ending clusters may be quite different from 
the patterns before treatment, 

8. Nen^e ending changes are also apparent after treatments with 
hypertonic sodium chloride solutions and after exposure to moderate 
rise in temperature. 

9. The changes in irritated or slightly injured nerve endings which 
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will recover resemble closely the early changes in ner\^e endings under- 
going trophic degeneration which will not recover. 

10. Local wounds sometimes stimulate adjustments of nearby nerve 
endings in uninjured territory. Swelling, retraction, extension, and 
branching of endings may result. 

11. A denervated zone may evoke new side sprouts from nearby 
uninjured nerve fibers. Collateral innervation may thus be established. 

12. New nerve sprouts sometimes appear on fibers that are contigu- 
ous to dividing cells (neurilemma cells, myoblasts, and fibroblasts). 
This takes place after the metaphase, during a time of marked agitation. 

13. The advance of the myelin sheath on a fiber is a factor in causing 
elimination of some branches by retraction or autotomy. Even large 
branches with myelin segments are occasionally eliminated, 

14. Free nerve endings which are present in large numbers in the 
central nervous system probably undergo adjustments similar to those 
of free cutaneous endings. Synaptic changes would be possible, there- 
fore, from time to time. Thus, changes in brain synapse patterns might 
be brought about as a result of shock treatments, severe intoxications 
and fevers, and marked nutritional or hormonal imbalance. Such changes 
also probably accompany ordinary growth and maturation of the brain. 
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our city and country, neurological surgery began to be 
recognized as a special field only a little more than 
twenty-five years ago. Before that time and within the 
memory of some of us, forty to fifty years ago, opera- 
tions upon the central nervous system were rare and 
were performed by the general surgeon. Some of the earliest operations 
for tumor of the brain were performed in New York City by general 
surgeons, Drs, Charles McBurney at Roosevelt Hospital, Arpad G. 
Gerster at The Mount Sinai Hospital, and Andrew J. McCosh at the 
Presbyterian Hospital. Just fifty years ago, in 1892, Frank Hartley de- 
scribed the operation for the intracranial exposure of the Gasserian 
ganglion which was known for many years as the Hartley-Krause 
operation. 

It was natural that the neurologist of those days felt that he should 
supervise any operation on the central nervous system that was per- 
formed by the general surgeon. Not quite fifty years ago, in 1893, M, 
Allen Starr, Professor of Neurology at the College of Physicians and 
Surgeons, published a volume on the surgery of the brain. You will 
note the interesting fact that a book on brain surgery was written by a 
neurologist. In this book. Dr, Starr gave the following quaint advice to 
the surgeon: “It is an absolute requisite of success in cerebral operations 
that every detail of aseptic surgery should be carried out to perfection. 
It is useless to make elaborate preparations, to sterilize instruments and 
to apply antiseptic solutions to the hands, if in the midst of the opera- 
tion the surgeon stops for a moment to adjust his septic eyeglass, or to 



Read at the combined meeting of the Section on Neurology and the New York Neurological Soacty, 
March 10, 1942. This paper was also m part read at a dinner to celebrate the *-atn annivers y 
of the foundation of a neurological service at Bellevue Hospital. 
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blow his nose on. a septic handkerchief without subsequently washing 
his hands again.” This was perhaps good advice but Dr. Starr spoiled 
it all by his next remark: “By covering the hand with a wet aseptic 
towel, the surgeon can safely handle anything he desires.” It is hard to 
reahze that this crude advice was given less than fifty years ago. 

Even as recently as seventeen years ago, the neurologist had the 
point of view expressed, for example, by Dr. Mills of Philadelphia, that 
one of the functions of the neurologist is to superintend and direct 
operative procedures on the brain and spinal cord by the surgeon.* At 
about the same period, a similar viewpoint was expressed to me in writ- 
ing by another eminent neurologist: “that the function of the surgeon 
was to do the technical work and to make the opening in the skull or spine 
in the area mapped out by the neurologist, and that the surgeon should 
not attempt to make a diagnosis or to localize the gro\vth.” Fortu- 
nately, tenipora nnitmtur et nos nmtcnmir in illisf Fortunately, also, the 
neurological surgeon has learned something of neurology so that he is 
no longer looked upon merely as a technician. Perhaps the change may 
be appreciated by the evidence that in recent years an increasing num- 
ber of neurological surgeons have been elected to membership in the 
American Neurological Association: Twenty-five years ago, in 1917, 
there were 1 2 1 active members in the Association of whom 4 per cent 
were neurological surgeons; in 1925, the percentage was 5; in 1935, it 
was 10 and in 1941, it was 15 per cent. This steady increase in the 
number of neurological surgeons in the American Neurological Asso- 
ciation was a cause for perturbation of some of the members. One of 
them wrote to the Council of the Association and asked how Ions: it 
would be, at the same rate of increase, before the American Neuro- 
logical Association would consist mainly of neurological surgeons! 
When that letter was read at the Council meeting, one of the members 
calculated that at -the same rate, in 1967, more than one-half of the 
members would be neurological surgeons! 

A neurosurgical ser\dce can be developed only in a special hospital 
or in a general hospital in which there are special neurological and 
neurosurgical beds. A capable operating team, cannot be developed in 
an institution in which a major operation upon the central nervous 
system is performed only a few times a year. In most of the general 
hospitals in New York City, until about twenty-five years ago, there 


• Scmi CciUcniiial Volu::ic of the .\merican Xeurolojica! .kssoebtion, 1S73-1924. 
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was not a sufficient number of patients with diseases of the nervous sys- 
tem to justify a special neurosurgical service. If the Neurological Insti- 
tute (which is a special hospital) was excepted, there were at that period 
active neurosurgical services only at The Mount Sinai Hospital and at: 
Bellevue Hospital in both of which there were special wards for patients 
suffering from diseases of the nervous system. Recently, departments 
for the surgical treatment of diseases of the nervous system have been 
developed at the New York, the Brooklyn Jewish and to some extent 
in a few smaller hospitals. Also, it is of interest to note that until recently, 
the title of the neurological surgeon— if he was a member of the faculty' 
of a medical school— was “Professor of Surgery.” Dr. Cushing was pro- 
fessor of general surgery at Har\’^ard and Dr. Frazier was professor of 
general surgery at the University of Pennsylvania although both limited 
their work almost exclusively to neurological surgery. However, about 
21 years ago, Columbia University at the College of Physicians and 
Surgeons, established a full chair for neurological surgery with a seat 
on the faculty of the Medical School. 

Neurological surgery has developed, as was logical, as an offshoot 
from general surgery, and the emergence was due to a process of edu- 
cation of the general surgeon, the neurologist, the physician and the 
layman. Actually it required only a few decades for the new specialty 
to be generally recognized. In the beginning, a few general surgeons 
began to devote themselves to neurology and to operations upon the 
nenmus system. There is, perhaps, a certain disadvantage in what is 
happening today, i.e., that many young men receive their training in 
neurosurgery and become neurological surgeons without having had a 
thorough basic experience in general surgery. While it is true that a 
neurologist may learn to do his own operating (as was done by the 
late Ottfried Foerster in Breslau, Germany and by Clovis Vincent in 
Paris), a groundwork in general surgery is of no little value. 

Most of the younger neurological surgeons of our day have recei\''ed 
their training in one of the neurosurgical centers in this country. A few 
of the older ones began to practice in the special field after an experi- 
ence with injuries of the brain, spinal cord and peripheral nerves in 
the first World War. While a knowledge of traumatic surgery is of 
value, more than that is needed for the practice of neurological surgery 
in civil life. However, we learned much from the experiences gained 
in the first World War. 
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For example, in high explosive and bullet wounds of the skull and 
spine, the method of debridevient—the excision of lacerated soft and 
bony tissues— proved to be of great value for the prevention of sec- 
ondary infection of the brain or spinal cord and their meninges. If the 
area in which infectious material has been implanted can be excised, the 
wound may often be closed with resultant primary union. The method 
of debridement was most useful in the treatment of wounds of the 
e.xtremities and of the peripheral nerves. The conflict that is now raging 
will no doubt, as in the first World War, produce a large number of 
bullet and high explosive wounds of the upper and lower limbs. In his 
very recent report of experiences at Pearl Harbor, Dr. John iMoorhead 
made special reference to the high frequency of wounds of the nerves 
of the extremities. During the first World War, the method of debride- 
ment and the use of chlorine solutions (Carrell-Dakin treatment) 
greatly diminished the frequency of wound infections. Howe\'’er, it may 
not be amiss to call attention to one danger of debridement. Having 
had occasion to operate upon a large number of soldiers with peripheral 
nerve injuries after they had been invalided home from the battlefronts, 
I learned that occasionally evidence of complete interruption of the 
function of a large nerve followed only after the mass extirpation of 
lacerated soft tissues. In some of the cases, one was led to suspect that 
the neural lesion was produced by die surgeon. The functions of a 
large nerve may be preserved even though the nen'e traverses an area 
that is infected or even an area of actual suppuration. Therefore, espe- 
cially with the sulfathiazole treatment of wounds, every effort should 
be made by the surgeon to preserve nerves which have not been injured 
and those that are only traumatized, especially those nert^es, such as 
the ulnar in the upper and the sciatic and its branches in the lowxr 
limbs, in which regeneration after nerve suture is poor. 

It is to be hoped that the follow-up of patients in whom nerve 
transplants have to be used to bridge nerve defects will be better than 
that after the first World War. After the former conflict, there was 
not an efficient follow-up, and our knowledge is still meager regarding 
the final results in these individuals in whom the separated nerve ends 
could not be united by suture and transplants were used. In these 
patients, many types of operation were tried but we do not know which 
methods gave the best results. 

Aside from these surgical matters, the neurologist learned much from 
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the experiences of the former conflict. Thus, the coup-de-grace was 
given to the so-called Bastian-Bruns law regarding the symptoms and 
signs of complete transverse lesions of the spinal cord. You will remem- 
ber that for many years the symptoms of a complete transverse lesion 
of the spinal cord in man were supposed to consist of permanent loss 
not only of sensation and voluntary motor power below the level of 
the lesion but also of persisting absence of all tendon and cutaneous 
reflexes. We now Jcnow that after a certain period there is a return of 
spasticity and of reflexes without, of course, any return of sensation or 
voluntary power. The experiences of the first World War increased 
our knowledge of the location of functions in different parts of the 
brain and spinal cord, of mass reflexes and of automatic activity of the 
urinary bladder. 

When one looks back upon neurological surgery as it was in the 
early days of the specialty and compares it with the work of today,, 
the diflferences are great and impressive. At that time we had not learned 
that the “enacting clause” in operations for tumor of the brain was the 
diminishing of the increased intracranial pressure. Can you imagine the 
difficulties of the neurosurgeon before we learned of the value of hyper- 
tonic solutions and of the method of puncture and evacuation of fluid 
from the ventricles and subarachnoid cisterns in order to lessen intra- 
cranial tension? In those days the patients were always anesthetized— 
usually by ether which by itself raises intracranial pressure. We had 
to learn that these operations could and should be performed under 
local infiltration anesthesia— a method first recommended for cranial 
surgery by Dr. DeMartel of Paris. In this country, I believe, the first 
cranial operations for tumor of the brain under local anesthesia were 
performed by myself at the Neurological Institute of New York. As 
you know, local anesthesia is now used for the majority of cranial 
operations and it is especially effective when the patient has received 
avertin before he is brought to the operating room. 

During the past decades, great advances have been made in the 
methods of hemostasis: First came silver clips, then the use of muscle, 
and finally the high frequency current. Many improvements were made 
in the methods of making bone flaps and in the technique of exposure 
of tumors on the under surface of the brain; of growths in the cere- 
bellopontine angle and in the cerebral ventricles. The methods of ex- 
cision of infiltrating tumors of the brain have become more and more 
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radical so that today no neurosurgeon would hesitate to excise the 
greater part of one cerebral or cerebellar lobe. It is very questionable, 
however, whether there is ever any justification for the total or subtotal 
removal of a cerebral hemisphere. 

I have wandered somewhat afield and away from the story of the 
development of neurological surgery in New York City. During the 
past 25 years, New York City has had twenty-three surgeons who 
limited their work to the surgery of the nerxmus system. With the 
possible exception of two of these, all of the surgeons have had a train- 
ing in neurology and neurosurgery, either in one of our local institu- 
tions or in a neurosurgical clinic in some other city. It may be of interest 
that we have had one woman specialist in this field. At the present time 
there are in the greater city of New York sixteen active neurological 
surgeons and several younger men who are beginning to devote them- 
selves to the specialty. 

During the first part of the 25 year period, there were neurosurgical 
departments at the Neurological Institute and at Bellevue and The 
Mount Sinai Hospitals. The service at the Neurological Institute was 
directed by me, and associated with me were Drs. Alfred S. Taylor, 
Byron Stookey, James H. Kenyon, Clement Masson, Wilder Penfield, 
Dorothy Klenke, Leo M. Davidoff, Edwin Deery, Fritt. Cramer and 
Earl D. Brewer. When I retired from the ward service. Dr. Stookey 
was appointed to take charge. Dr. Davidoff resigned in order to be- 
come surgical director of a Brooklyn hospital. Dr. Deery resigned, and 
Dr. John Scarff was appointed a member of the surgical staff. Previous 
to this period. Dr. Penfield had resigned in order to become the Director 
of the Montreal Neurological Institute, Dr. Klenke had resigned and 
the Neurological Institute had lost Dr. Brewer and Dr. Kenyon through 
death. In 1938 Dr. Tracy J. Putnam was appointed chief of the neuro- 
logical and neurosurgical services of the Neurological Institute. 

At Bellevue Flospital the neurosurgical service was in charge of 
Dr. Taylor, and at various times there were associated with him Dr. 
Stookey and Dr. J. J. King. Later, the work at Bellevue was done by 
Dr. King, Dr. Scarff and lately by Dr. Lawrence Pool. 

Up to 1927, the neurosurgical sendee at The .Mount Sinai Hospital 
y ;is in my charge and that of Dr. Ira Cohen; upon my resignation, Dr. 
Cohen became the head of the sendee with Dr. Kaplan and Dr. Sidney 
Gross as associates. 
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Although there was no special neurosurgical department at the 
Presbyterian Hospital, considerable work was done in that institution 
by Dr. Penfield and Dr. , William Cone before they left for Montreal 
and the histological and pathological studies made by them in the lab- 
oratory for neurocytology organized by Dr. Penfield deserves special 
mention. At the Brooklyn Jewish Hospital, Dr. Davidoff a few years 
ago organized a neurosurgical service, and he has been doing a large 
amount of operatiye work in that institution. In Brooklyn, considerable 
neurosurgery has also been done in several hospitals by Dr. Jefferson 
Browder, and some by Dr. Anatole Kolodny. 

Recently, an efficient department for the operative treatment of 
diseases of the nervous system is being developed by Dr. Bronson Ray 
at- New York Hospital, and during the past two decades some opera- 
tions on the nervous system have been done in other hospitals by neuro- 
surgeons at St. Luke’s Hospital and at the Post-Graduate and the Poly- 
clinic Hospitals and a few other institutions. 

A certain number of operations for fractures of the skull and the 
spine were and are still being performed by general surgeons at various 
hospitals in our City, but the general tendency has been— whenever and 
wherever possible— for fractures of the skull and the vertebral column 
to be cared for by the neurological surgeon. 

During the early years of the 25 year period, abscess of the brain 
complicating middle ear disease was cared for and operated on by the 
otologist. As the field of neurological surgery became more specialized, 
these patients were more often referred to the neurosurgeon and today 
most of these operations are performed by the surgeon who specializes 
in this field. 

Finally, I may be permitted to give a short account of some of the 
contributions to neurology and neurosurgery made by the special 
workers in the latter field in our city; 

A number of years ago. Dr. Alfred S. Taylor, who by the irony 
of fate recently succumbed to an infiltrating tumor of the brain, devel- 
oped the technique of operations for birth injuries of the brachial plexus, 
and he also described the operation of unilateral laminectomy and de- 
vised ingenious instruments for that operation. Much of Dr. Taylors 
work was done at Bellevue Hospital and at the Neurological Institute. 
Also, on the special service at Bellevue Hospital, Dr. J. J. King did 
important work on the methods of operation for abscess of the brain. 
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1 have already referred to the valuable studies on the glia by means of, 
the newer staining methods that were made by Dr. Penfield and Dr. 
Cone. 

I think that it is fair to state that to the development of the surgery 
of the spinal cord, New York surgeons made important contributions. 
The technique of the operation of laminectomy was developed by them, 
and they added much to our knowledge of the clinical features and the 
diagnosis of tumors and other lesions of the spinal cord and its mem- 
branes. The clinical symptoms and surgical treatment of the so-called 
giant tumors of the conus and cauda equina— which are most often 
ependymomas— were first described by neurosurgeons of our city and the 
same is true of varicosities of the spinal blood vessels and of e.vtradural 
cysts of the spinal cord. 

The improvements in the methods for performing manometric tests 
for the determination of the presence or absence of spinal subarachnoid 
block were no insignificant contribution. The refinements in the meth- 
ods for testing the patency of the spinal subarachnoid space were made 
by Dr. Stookey and liis collaborators. To neurosurgeons of our city 
also belongs the credit for having devised the method for the exposure 
of the anterior surface of the spinal cord in order to remove tumors 
from in front of the spinal cord and to treat other lesions in that situa- 
tion. 

It was formerly believed that the malignant tumor of the brain, 
which is now called glioblastoma multiforme,* occurred most often 
in the frontal parts of the cerebral hemispheres and especially often on 
the left side. The study of a large number of cases at operation and 
postmortem convinced us that the growth is most frequently situated 
in the parietal lobe altliough it often extends forward to involve the 
frontal lobe and more especially the inferior part of the temporal and 
frontal lobe of the brain. With another investigator, one of us called 
attention to the fact that gliobhistoma multiforme of the brain fre- 
quently runs a very- rapid course-a course quite different from that of 
most cerebral growths. The history of the patient’s illness may be of 
only one or a few weeks duration and the symptonrs run an acute course. 

Profound disturbances in motor pow'cr and sensation and advanced 
mental deterioration often come on very rapidly. For this reason, we 
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Tahi-e I 

RESULTS OF OPERATIONS IN 83 PATIENTS WITH GLIOBLASTOMA 
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suggested that these growths might be called “acute” brain tumors. I 
think that there is some doubt whether the glioblastoma multiforme is 
a true neoplasm or whether it is a tumor formation resulting from an 
intense glial reaction to some noxious agent. If this point of view should 
be shown to be correct, then it is clear that in the future the proper 
treatment of this type of tumor will rarely be surgical. The results of 
the operative treatment of glioblastoma multiforme are poor and rela- 
tively few patients survive for more than one year. This is shown, for 
example, by the results in the series of cases presented in Table I-results 
which about correspond to those obtained in other neurosurgical 
clinics. 

Another type of tumor which we have studied is the midline pos- 
terior fossa medulloblastoma which occurs so often in childhood. Many 
attempts have been made radically to extirpate these growths, hut they 
can rarely if ever be entirely removed because of their vascular attach- 
ment in the lower part of the fourth ventricle. This type of tumor is 
very radiosensitive, and we have shown that as good if not better 
results can be obtained if the effort is not made to remove the growth. 
In most instances, by a wide suboccipital decompression with removal 
of only sufficient tumor tissue for pathological verification, followed by 
thorough Roentgen-ray therapy, as much will be accomplished and re- 
lief will last as long as after the attempt to remove the growth entirely. 
Moreover, if one takes into account th’e higher operative mortality o 
an attempted radical operation, the total results of the operative treat- 
ment of the medulloblastoma in the posterior cranial fossa are better 
UTth conservative surgery and radical Roentgen therapy. 

The early diagnosis of benign tumors underneath the frontal lobes 
of the brain-more especially the olfactory groove, cribriform plate an 
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sphenoid ridge nicningioina— is important for their surgical treatment. 
When these growths have reached a large size, the difficulties and dan- 
gers of their removal are much increased, and in some instances the large 
growths can not be entirely removed. Wc, in New York City, have 
been greatly helped by a New York roentgenologist, Dr. Cornelius G. 
Dyke, and his studies of the basal arachnoid cisterns after the injection 
of air or oxygen by the lumbar route. With a neurological surgeon Dr. 
Dyke was able to demonstrate that many subfrontal meningiomas, es- 
pecially those which originate from the dura over the mesial end of the 
sphenoid ridge, can be recognized and be removed when they are still 
small— weighing only a few grams, 

'fhat the diagnosis of some tumors of the spinal cord can be made by 
careful measurements, on Roentgen films of the spine, of the distances 
between the pedicles, was demonstrated by the same roentgenologist 
with a New York neurosurueon. Studies of a lar^e number of Roentgen 
films of the spine were correlated with the operative findings and we 
learned that certain spinal growths regularly produce a localized en- 
largement of the spinal canal which can be recognized when the inter- 
pediculate distances arc carefully measured. By these measurements it 
was possible to demonstrate that the spinal meningiomas rarely, and the 
spinal pcrincurial fibroblastomas frequently, cause localized enlarge- 
ments of the interpediculate distances. An enlargement of the vertebral 
canal extending over several vertebrae is characteristic of the extradural 
cysts and of the so-called giant tumors of the conus and cauda equina. 

I'he clinical picture of high cervical spinal cord tumors which pro- 
ject through the foramen magnum was first described by a New York 
surgeon and a neurologist. Attention was called to the fact that in opera- 
tions for these growths it is always necessar)’- and advisable partly to 
expose the structures in the posterior cranial fossa by the removal of 
some of the occipital bone. If this is not done, a part of the growth 
above the level of the foramen mafmum may be missed altopfether— an 
unfortunate occurrence which happened in our first case and avhich 
tavight us a valuable lesson. 

Finally, one may ask; what of the future- That old Roman, Cicero, 
said that “in no function do human beings approximate the Gods more 
closely than in bestowing health upon their fellowmen.” ^^’e must 
change methods or improve them as soon as we leam that we are using 
a procedure by which little or nothing is being accomplished. There 
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are some diseases of the nervous system for which surgery has been 
able to do little or only to palliate, and for these, new surgical methods 
must be sought for or the treatment must not be surgical. Thus, it is 
probable that when the diagnosis can be made— and it can be made in 
many instances— fewer operations will be done in the future for the 
malignant glioblastoma multiforme. Future therapy may be radiological 
or perhaps serological. In purulent infection of the meninges the therapy 
of the future may not be surgical. The isolation and synthesis of many 
of the vitamins by the biochemists have opened up a large field for 
clinical investigation and “these discoveries of the biochemists, if ap- 
plied to the prevention and treatment of diseases of the nervous system, 
may be compared in importance to the discoveries in bacteriology made 
40 to 50 years ago.’’ Is it too optimistic, to expect that some diseases of 
the nervous system which produce great disability, such as spasticity and 
tonic and clonic seizures, and for which surgical procedures are being 
attempted, will in the future be prevented or treated by medical means.^ 
This does not mean that neurological surgery will not continue to ad- 
vance. We can not expect that the progress in operative methods and 
technique in the next twenty-five years will be as great as that made in 
the same period that has passed. The further progress of neurological 
surgery will be more slow, but new procedures and greater refinements 
of technique are certain to come. 
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WHAT EVERY PHYSICIAN SHOULD KNOW 
ABOUT CROSS-EXAMINATION 

Myron Sulzberger, Jr. 

Member of the New York Bar 



^SHSHSSSSSasS-^HYSiciAKS are in court almost as frequently as lawyers. 

It is said that court records in New York City would 
reveal that suits involving personal injuries constitute 
about 70 per cent of the Litigation. Since each side 
iS will have at least one physician, there are at least as many 
doctors as latv)^ers in every such case. This situation is not peculiar 
to New York City; it is reported that it exists throughout the United 
States. Furthermore, personal injury actions are not the only species 
of litigation where physicians are required. Doctors testify in goodly 
numbers in wiU contests involving insanity, in various criminal trials, 
such as assault, rape, homicide and the like, and in health, accident and 
disability insurance cases. All in ail, it appears that the physician is 
quite a “man about court.” Wisdom would appear to dictate that phy- 
sicians should familiarize themselves W'ith the problems of witnesses. 

A famous English barrister once said, “There is never a cause con- 
tested, the result of w'hich is not mainly dependent upon the skill wdth 
which the advocate conducts the cross examination.” This statement 
was made in the days when flowery orator)'^ was in vogue and when it 
played a very important part in the trial of cases. Today, that form of 
orator}^ is passe, and it plays a minor role in litigation. If cross-examina- 
tion was the decisive factor in litigation in those days, it is doubly true 
today. Though the quotation set forth here was made to convince laiv- 
yers to become proficient in the art of cross-examination, it is equally 
appropriate for witnesses. This is especially so for physicians because 
more is expected from the professional expert by the triers of the facts. 
Any person wLo takes the stand wnU make a better and more convinc- 
ing wntness if he becomes familiar wnth the methods utilized by cross- 
examiners. 

All wdmesses are subjected to both direct-examination and cross- 
examination. Both terms should be defined and explained simultaneously 
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if the process of cross-examination is to be fully appreciated. 

Law dictionaries define direct-examination as the examination of a 
witness by a lawyer who calls the witness to the stand and who first 
exariiines him, and they define cross-examination as the examination 
of such witness by the adverse lawyer, after the conclusion of the direct 
examination. Webster’s Collegiate Dictionary defines “Cross-Examina- 
tion” thus: “To examine or question, especially as a check to a previous 
examination.” 

The true significance of cross-examination and the purpose and util- 
ity of the process and the reasons for its effectiveness can be fully 
appreciated and understood only if it is examined in the setting in 
which it is used and of which it is an integral feature— the trial of a 
case in court. Cross-examination is a practical art and it is natural that 
it fitted and adapted itself to its setting. 

The principal feature of this setting, in so far as cross-examination 
is concerned, is that the direct examiner presents only such evidence, 
and calls only such witnesses, and asks only such questions as will favor 
the side of the examining lawyer. The direct examiner will ask for 
nothing except facts favorable to his own side. The direct examiner 
does not ask the witness to disclose all that he knows, and the \vitness 
does not do so. If the examination of the witness stopped at this point 
and no attempt was made to find out what else he knows, the testimony 
would probably present half truths only. The direct examiner does not 
ask questions that might impair or discredit the story or the witness 
that he presents to the judge and jury. The factors that might weaken 
the original testimony or that might lessen the credit of the witness 
might remain hidden if the examination were to end there. The best 
person to make the search for what remains hidden, the undisclosed 
remainder, is the person who is most interested, the opponent. Thus, 
when the direct examination is concluded the cross-examiner is given 
an opportunity to complete the picture— to develop and bring to light 
those facts and circumstances which may have been suppressed on the 
direct examination. If any facts unfavorable to the direct examiner s case 
really exist and these are to be learned, the cross-examiner must ferret 
them out. 

The practical effect of all this is that the cross-examiner will probe 
only for such facts as will be unfavorable to the direct-examiner s case. 
Since partisan counsel will, between them, endeavor to bring forth all 
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the favorable and unfavorable facts concerning each side, a fair apprai- 
sal of the witness and the stories should ultimately result. 

Whenever partisans present evidence, it is desirable, before any 
evidence is accepted as wholly trustworthy, that it be subjected to test- 
ing and checking. The test can be effected by subjecting the offered 
evidence to a scrutiny and analysis calculated to discover and expose, 
in detail, its possible weaknesses and thus to enable it to be estimated 
at no more than its actual value. That is the function of a cross-exami- 
nation and it is called the finest weapon ever invented to discover truth. 

The ultimate objective of a cross-examination is to extract from the 
witnesses whatever may be unfavorable to the direct examiner’s case. 
The unfavorable matter would be of two varieties, (i) facts that sup- 
port the cross-examiner’s contentions, and (2) facts that discredit the 
vdtness or the stor)'’ or that weaken the direct examiner’s case. 

To extract each unfavorable fact constitutes a separate and distinct 
objective for the cross-examiner in every case. The nature and charac- 
ter of the unfavorable facts M'ill vary with the case and the witness. 
The number of possible unfavorable facts is limitless. 

An illustration will serve to clarify and explain this statement: A 
case of assault will be assumed. The sole disputed issue is, “Did defen- 
dant shoot plaintiff at 3 a.m. on November 30, 1939 in Grand Central 
Station?” The plaintiff contends that the defendant did this, and the 
defendant denies it. Though a single issue exists, it contains three ele- 
ments: (a) did the defendant shoot the plaintiff, (b) did the shooting 
occur at the Grand Central Station and (c) did it occur at the time in 
question. Separate witnesses may be called to prove each element of, 
or the whole of, this proposition. Witness Roe is called by plaintiff 
and says that plaintiff and defendant were at Grand Central Station 
immediately before 3 a.m. on November 30, 1939. The witness is then 
turned over to the cross-examiner for questioning. The cross-examiner 
will ask himself: “I'^iTat facts can be extracted from witness Roe that 
will be unfavorable to the plaintiff’s case?” A very meager list of facts 
that would tend to support the defendant’s proposition, or that would 
tend to discredit witness Roe, or the statement that plaintiff and de- 
fendant were at Grand Central Station at the time specified are these: 
Roe did not actually see the plaintiff and defendant at the Grand 
Central Station at the time in question, he simply heard they were there 

from plaintiff. Roe is a confirmed liar, Roe would not recocmize the 

& 



668 


THE BULLETIN 


plaintiff or the defendant if he saw them, his eyesight is very poor, Roe 
is related to and very friendly with the plaintiff, it was very dark at 
the time and place in question and Roe could not have seen these men, 
plaintiff and defendant were very friendly both before and after this 
occurrence, defendant did not own a weapon. Roe was convicted of 
numerous crimes including perjury. Roe is very susceptible to sugges- 
tion, Roe’s statement is improbable in numerous paniculars, he had in- 
numerable talks about the matter with plaintiff and his lawyer, that 
Roe made previous contradictory statements and that he is biased and 
prejudiced against people like the defendant. 

Any or all of these facts would tend to create doubt or disbelief 
in the proposition being maintained by the plaintiff. The list of unfavor- 
able facts set forth here could be expanded almost ad infinitum. 

This illustration should make the distinction between the two varie- 
ties of unfavorable facts more apparent. Facts of variety number one 
(those that support the cross-examiner’s contentions) are not intended 
to impugn or impeach the credit or trustworthiness of the story or 
the witness. Factual examples of variety number one in this supposi- 
tious case are: the plaintiff and defendant were very friendly before and 
after the time when the shooting is supposed to have occurred and that 
the defendant never owned a weapon. These two facts do not impeach 
Roe’s trustworthiness or contradict Roe’s statement that plaintiff and 
defendant were at the Grand Central Station at the time specified. 
These two facts merely lend support to the cross-examiner’s contention 
that the shooting did not occur, on the theory that it is improbable that 
the defendant shot plaintiff if they were so friendly both before and 
after the occurrence was supposed to have taken place, and if the 
defendant never owned a weapon. The search for facts of the second 
variety is made to induce disbelief, or to destroy confidence or trust in 
the story or the witness or both. 

The art and the skill in conducting an actual cross-examination con- 
sists in knowing when to question a witness and in knowing what to 

extract from each witness and how to do it. 

To cross-examine or not to cross-examine, that is the first question. 
Cross-examination is a double edged sword. It is a dangerous weapon to 
use. Before a lawyer commences to question each witness, he won ers, 
“What hidden facts will the cross-examination reveal? Will t ese 
hidden facts strengthen or weaken the case of the cross-examiner. 
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Will they show that the witness is trustworthy or unreliable? Will the 
cross-examiner develop facts favorable or unfavorable to the cross- 
examiner’s case? Will the answer give the witness a personal victory 
over the cross-examiner?” The lawyer faces this dilemma before every 
question is asked on cross-examination unless he knows in advance 
exactly what answer the witness will give in response to each question. 
What an enigma for the cross-examiner who is in doubt as to what the 
witness may know or say or do. “There lies the real danger in cross- 
examination and there begins the art.” 

The danger is enhanced by the fact that if a witness is strenuously 
cross-examined and not impeached in any particular, the story and the 
witness will be strengthened in the eyes of the triers of the facts, on 
the assumption, that a witness who is not discredited after a thorough 
and searching cross-examination must be telling the whole and entire 
truth. Though the belief is common among witnesses and juries that 
“a lawyer can do anything with a cross-examination,” that he “may 
make the worse appear the better reason” and that he “may make the 
truth appear like falsehood,” lawyers know that these ideas are wholly 
without basis or foundation. Cross-examination has been aptly described 
as a “mental duel” between latvyer and witness. This “duel” often 
results disastrously for the lawyer as these illustrations reveal: 

An instance is furnished by a surgeon’s suit for a substantial fee. 
“Can you tell me,” asked the lawyer, “How long it took to knock off 
that operation?” “Two hours” replied the surgeon. “The labor of two 
hours then is that for which you ask $1500?” “No,” replied the sur- 
geon, “I ask it for the knowledge of a lifetime.” The lanyer asked 
one question too many in this exchange with a renowned surgeon, and 
came off second best. 

A well known illustration, reported by Wigmore, concerns the 
famous Lord Coleridge in the case involving a Sister of Mercy, who was 
expelled for transgression of the rules of the Convent, and therefore 
commenced suit for hbel. Coleridge contended that the breaches of dis- 
cipline were trivial. He pressed Mrs. Kennedy, “the matron,” on the 
point, asking what had Mrs. Saurin done? Mrs. Kennedy said as an 
example that she had eaten strawberries. “Eatincf strawberries!” ex- 
claimed Coleridge, “What harm was there in that?” “It was forbidden, 
sir” said Mrs. Kennedy-a very proper answer. “But Mrs. Kennedy” 
reiterated Coleridge “what trouble was likely to come from eating 
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strawberries?” “Well, sir,” replied Mrs. Kennedy, “You might ask 
what trouble was likely to come from eating apples, yet we know that 
trouble did come from it.” The answer floored Coleridge. 

Though art of cross-examination begins with knowing when “to 
cross-examine or not to cross-examine,” it centers around knowing 
what to extract from each witness so that the direct examiner’s case 
may be weakened, and his witnesses and their testimony discredited, 
and in knowing how to extract it. So that physicians may more suc- 
cessfully cope with an effective cross-examination, the methods em- 
ployed by cross-examiners to achieve these ends are for convenience and 
simplicity being arbitrarily divided into four categories; (i) The vul- 
nerable points of the case; (2) Material for cross-examination; (3) Fi.xed 
objectives and (4) The manner of questioning the witnesses. 

1. The cross- examiner constantly hunts for the vulnerable spots 
in the story and the witness— those vital spots that seem most sus- 
ceptible to a successful attack. The skillful cross-examiner develops 
a sixth sense in discovering the vulnerable points in each case. The 
vulnerable points in a given case may be its most improbable feature 
or a particular trait or characteristic of a witness. The facts in each 
case, and the make-up of each witness, determine the points of, vul- 
nerability in the matter. The physician’s records, or the fees said 
to have been received, or the nature of the treatments administered 
may reveal angles that will serve as targets for investigation. Simi- 
larly, features affecting the witness himself may lead to the place 
where the attack should be directed— examples of these would be: 
The witness’s memory or his opportunity to observe what he claims 
he saw or the witness’s temper or stubbornness or bias or relation- 
ship to a litigant. There is really no limit to the possible number of 
vulnerable spots that can be selected. 

2. While the direct examination unfolds, and while the cross- 
examination is in progress, the cross-examiner searches for material 
for cross-examination— the ammunition that the cross-examiner uses 
for attacking the witness. Whereas the vulnerable spot is the target, 
the material for the cross-examination is the weapon with which 
the attack is made. The finest ammunition is a statement, or a writ 
ing, that contradicts or is inconsistent with a witness’s oral testi- 
mony. The search for material really commences long before the 
trial. The search is made for everything and anything that might 
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affect the witness’s credit or contentions. 

3. An effective cross-examination demands that counsel have 
definite and fixed objectives in mind while the cross-examination is 
in progress. However, wherever possible, the cross-examiner keeps 
these objectives hidden from the witness. It is axiomatic that “the 
only way to get anywhere is to know where you are going.” This 
is especially appropriate advice for cross-examination. These fixed 
objectives may be broad or narrow. To discredit a witness or a 
story may be the mission of the cross-examination or it might con- 
sist in beins to secure an admission from the witness that he “does 
not remember what happened on November 30, 1939 at 3 a.m. at 
Grand Central Station.” Each unfavorable fact that counsel might 
elect to extract can constitute a separate fixed objective for the 
cross-examiner. To explore generally into a particular subject matter 
could likewise be an objective. Any end might serve as an objective 
for the cros5-examiner. 

4. It is the answer rather than the question that weakens the 
case or impeaches a witness. It is the answer that either affirms or 
denies the unfavorable facts that the cross-examiner seeks to extract. 
The cross-examiner’s problem is to persuade the witness to give or 
to obtain from him the desired answer. The questions are simply 
the means by which these objectives are attained. Since witnesses 
do not always easily or willingly disclose the answer that is wanted, 
a plan of attack (a method of questioning each witness) will be 
devised that is best calculated to achieve the desired end. The tech- 
nique of questioning witnesses actually utilized in law courts is 
based on sound and tested principles of logic, psychology and hu- 
man nature. 

The method of questioning witnesses naturally varies a great 
deal. The cross-examiner sometimes adopts a rapid fire method of 
questioning. This is tried to prevent a witness from manufacmring 
a story as the examination proceeds. The rapidity of questions may 
force the witness to answer truthfully because he is not given time 
to create a cohesive fabrication. The psychology of suggestion is 
another device of the cross-examiner. Here the form of the question 
is intended to suggest an answer. With a pliable witness, the ques- 
tion may be phrased so as to suggest the desired answer. With a 
hostile or stubborn witness the question may be so phrased that 
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the desired answer is wholly contradictory to what the witness 
thinks the cross-examiner wants. Being a contrary-minded person, 
or an individual who does not want to be led, this witness will dis- 
agree with what he thinks the cross-examiner wants— irrespective 
of whether it is true— on the theory that an answer opposite from 
what the cross-examiner apparently seeks must be good for the side 
this witness favors. What may be called the “off-guard technique” 
is often used with success. There a witness will be asked a series of 
questions on an apparently immaterial problem, and then a pertinent 
question will be shot at the witness on the subject about which the 
cross-examiner is most anxious for information. The witness may be 
oft guard and thus give a truthful reply. With a malingering faker 
claiming deafness, the cross-examiner may ask the witness as he 
leaves the stand— when the witness is less alert, believing that the 
examination is concluded and in a voice too low to be heard by 
the witness if his claim of defective hearing were true— “Mr. Jones, 
didn’t you forget this piece of paper?” If the witness hears the ques- 
tion, he will probably give an answer. It must be apparent that illus- 
trations of this character could be set forth without limit. Those 
given are merely intended to give the reader a sketchy idea as to 
what is meant by the “ways of questioning” a witness. 

Though each witness and each case is an individual problem for the 
cross-examiner, for decades similarities were discerned by experienced 
cross-examiners both in witnesses and in the factual situations as to 
which witnesses were questioned. Experience taught the trial lawyer 
that with witnesses of a similar kind, or with a like factual situation, 
a reasonably effective cross-examination could be conducted along sub- 
stantially similar lines. Substantially identical cross-examinations— here 
called standard patterns of cross-examination— thus developed, and these 
standard patterns were passed down by lawyers from generation to 
generation. So long as they worked satisfactorily they were used. When 
“existing” patterns cease to be effective, lawyers will develop new ones. 
Where similar witnesses or factual situations occur frequently, the cross- 
examination for that character of witness or situation becomes quite 
standardized and routine. The la\vyers themselves do not always realize 
when a given examination is a “standard pattern of cross-examination. 
Unfortunately and all too frequently, the cross-examiner’s “stock in 
trade” consists of a few “standard patterns” and when these -are e.x- 
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hausted without advantage to the cross-examiner, the lawyer feels more 
beaten than the witness. 

Based on these similarities, witnesses and factual situations are classi- 
fied, typed and catalogued for cross-examination. There are various 
types and kinds of witnesses, the exaggerator, the child and the expert 
and the like. Substantial similarities will exist for each of these separate 
types. The variety of different factual situations is equally numerous. 
There would be included here the automobile accident, the execution of 
a will, the making of a contract and any kind of factual situation 
involved in litigation. Each of these factual situations will have certain 
things in common. Nothing appearing here is intended to convey the 
impression that standard patterns of cross-examination are tricks. They 
are nothing of the kind. The “standard patterns” are sound legitimate 
methods of cross-examination based on tried and tested principles. No 
case is ever concluded without some examples of standard patterns of 
cross-examination. This article will consider those patterns of cross- 
examination that will confront the physician most frequently, 

“Never cross-examine an expert in his own field” is an oft repeated 
adage. This advice is earnestly followed by skillful lawyers in the exam- 
ination of physicians. Lawyers thus avoid a cross-examination of the 
purely medical aspects of the physician’s testimony, unless the character 
of the litigation makes it essential for the lawyer to study and acquaint 
himself thoroughly with such phases of the case. Physicians must 
anticipate, therefore, that generally, they will be cross-examined con- 
cerning non-medical matters. 

Before illustrating standard patterns of cross-examination with typi- 
cal appropriate examples, a word of general advice to witnesses with 
respect to the art of answering questions might be in order. Though 
this advice may appear too obvious, it is amazing how infrequently it 
is followed. The witness should listen to each and every question care- 
fully and he should think over the question before hazarding an answer. 
The witness may and should take all the time that may be reasonably 
necessary to give an answer. No extra points are scored for speed. If the 
witness does not understand a question he should say so and request 
that it be repeated. If the meaning of the words are not clear, he should 
ask for enlightenment. It is better to be known as an ignoramus than 
a liar. If the witness does not know, or remember the answer, he should 
say so. If he is not sure or certain of the answer, he should reply that 
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he believes, or thinks, that the correct answer is so and so, but that he 
is not sure or certain of it. However, the solution for this, is not for the 
witness to answer that he does not know or does not remember when he 
does in fact know, or does in fact remember, for this is a false answer. 

If a witness was asked, “Did you ever serve a term in Sing Sing prison,” 
the answer ‘‘I do not remember” would hardly satisfy. 

The witness should answer the specific question asked. This may 
seem like unnecessary advice but it really is quite important. Each an- 
swer should be responsive to the question. If the witness gives an unre- 
sponsive answer the jury may believe that he is deliberately attempting 
to be evasive. Volunteering information not called for may be quite 
dangerous, and it may serve to give the cross-examiner ammunition to 
discredit the witness. Many famous cases illustrate how the habit of 
answering only the question asked, and of avoiding the practice of vol- 
unteering information not called for in the question proved extremely 
helpful to the side that called the witness. A classic illustration of this 
principle is reported by Reed on “Conduct of Law Suits”; 

“Some time ago the writer, while waiting in court, watched the 
trial of a case where the plaintiff sought to recover damages for a 
breach of warranty. The defendant had sold him a horse with an 
express warranty that he was sound and kind and free from all 
‘outs.’ The next day the plaintiff noticed that a shoe was loose, and 
he undertook to drive him into a blacksmith’s shop to have him 
shod, when the horse exhibited such violent reluctance that he was 
obliged to abandon the attempt. Repeated efforts made it evident 
that he never would be shod willingly, and therefore he was obliged 
to sell him. The defendant called two witnesses. The first, an hon- 
est, clean looking man, testified that he was a blacksmith, that he 
knew the horse in question perfectly well, and he had shod him 
about the time referred to in the plaintiff’s testimony. ‘Did you have 
any difficulty in shoeing him?’ asked the defendant’s counsel. ‘Not 
the least. He stood perfectly quiet. Never had a horse stand quieter. 
The other, a venerable-looking man, with a clear, blue eye, testified ^ 
that he had owned the horse and that he was perfectly kind. ‘Did 
you ever have any trouble about getting him into a blacksmith s 
shop?’ ‘Well, sir, I don’t remember that I ever had occasion to carry 

him to a blacksmith’s shop while I owned him. 

“The plaintiff’s counsel evidently thought that the cross-examm- 
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ation would only develop this unpleasant testimony more strongly, 
so he let the witnesses go. The jury found for the defendant. The 
next morning, as the writer was sitting in court waiting for a ver- 
dict, a man behind him, whom he recognized as the blacksmith, 
leaned forward and said, ‘You heard that horse case tried yesterday, 
didn’t you? Well, that fellow who tried the case for the plaintiff 
didn’t know how to cross-examine worth a cent. I told him that the 
horse stood perfectly quiet while I shod him; and so he did. I didn’t 
tell him that I had to hold him by the nose with a pair of pincers 
to make him stand. The old man said he never took him to a black- 
smith’s shop while he had him. No more he did. He had to take him 
out into an open lot and cast him before he could shoe him.’ ” 
Witnesses should remember that it is not essential to impress the jur)'’ 
that they possess a high I.Q. They should convey the impression that 
they are honest, fair and trustworthy. This is especially so where the 
witness is being asked to testify as to facts. Where ‘the witness is called 
upon to e.xpress an opinion, or to act as an expert, the learning, the quali- 
fications and the experience of the witness then become quite relevant. 
A few examples of “standard patterns” of cross-examination follow: 
I. An investigation as to a physician’s qualifications and experience 
is a “standard pattern” of inquiry. The investigation will ordinarily 
cover the physician’s hospital connections, the phases of medicine in 
which he specializes, the number of cases similar to the case in suit that 
he has previously handled, his experience in the field of medicine under 
inquiry, his familiarity with the medical writings on the subject and all 
those factors from which a doctor’s qualifications and experience are 
usually measured. The physician’s answers should be frank and fair and 
his quahfications should not be exaggerated or minimized. The witness 
stand is not the place for self-praise or self-derogation. Each can be 
ruinous for the physician. An example of what happened to a physician 
who tried to appear more learned than he actually was is set forth at 
this point. It involved a suit for disability insurance benefits. Plaintiff 
claimed total disability as a result of a heart condition— angina pectoris. 
The insurance company’s physician was a heart specialist. Counsel for 
the plaintiff came to the conclusion that the defendant’s physician was 
inclined to exaggerate; that he was unwilling to admit ignorance on any 
subject affecting heart disorders. The witness gave the impression of 
being an unusually pompous individual. Plaintiff’s counsel thereupon 
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prepared a list of texts which included two fictitious works. “Harrison 
on Heart Disease” and “Page on Heart Failure,” which were “manufac- 
tured” by counsel. The pertinent cross-examination relative to the medi- 
cal authorities follows: 

Q. Are you familiar with the authoritative texts on heart disease? 

A. Of course. 

Q. I suppose that you have read the authoritative texts and refer 
to them constantly in your work, correct? 

A. I would say that I possess most of them in my own library. 

Q. Have you heard of Lewis on Diseases of the Heart? 

A. Certainly. 

Q. Have you heard of Levine on Clinical Heart Disease? 

A. Of course. 

Q. These books are standard authorities on the heart? 

A. That is correct. 

Q. I suppose that there are few books on the heart that are not 
known to you? 

A. I would say that is correct. 

Q. Have you heard of P. D. White on Heart Disease and Harrison 
on Heart Disease? 

A. I have. 

Q. What about Page on Heart Failure and Anderson on Heart Dis- 
eases? 

A. Certainly. 

Q. Would you say that you have read or examined all the books 
that I have mentioned? 

A. I would say that I not only read them but studied them care- 
fully as well. 

Q. Do you know whether any of the books that I have mentioned 
contain statements contrary to the conclusions that you have 
made? 

A. I do not recall, though I doubt it. If they exist, show the pas- 
sages to me. You apparently have a number of medical text 
books on the counsel table. 

Q. Do you keep abreast of all current writings on the heart? 

A. That’s essential in my specialty. 

Q. How frequently would you say that you have had occasion to 
study or refer to the texts that I have mentioned? 
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A. I refer to them constantly in my practice. 

Q. How recently have you done this with respect to the six texts 
that I have mentioned? 

A. My practice compels me to do this constantly, it deals exclus- 
ively with the heart. 

Q. How many standard texts on the heart do you find it necessary 
to refer to constantly? 

A. That is a foolish question. I refer to the standard texts that you 
mentioned. 

Q. Doctor, I show you this catalogue of medical books and ask 
you if it is not a fact that Harrison on Heart Disease and Page 
on Heart Failure, which you stated are standard texts, and 
which you constantly refer to and study in the course of your 
practice, are not fictitious and non-existent? 

A. No answer. 

This physician’s trustworthiness and credit were certamly impaired. 
The impeachment of this witness could have resulted from a conscious 
design to deceive or from wholly innocent causes. All people, to a 
degree, are susceptible to the power of suggestion. All persons have had 
the ‘experience, while conversing with a friend, of being asked “Why 
you remember David Dantos from back home” and they reply “Oh, 
of course,” or “I think I do,” when they don’t recall the fellow at all. 
The witness stand is not the place to be accommodating or careless. It 
is during cross-examination that the witness must be especially alert 
and awake and scrutinize and consider each question before answering. 

Courts and juries do not expect experts to know everything, and it 
is unwise for physicians to attempt to give this impression. No person 
need feel disgraced if he is compelled to say “I do not know,” or “I do 
not remember.” 

2 . A cross-examination concerning doctors’ medical records is a 
very common subject of inquiry. An example of such an examination 
follows; 

Q. Doctor, will you please let me see the medical records to which 
you referred on direct examination? 

A. Shall I, Judge? 

Court: Yes, doctor, since you used the records on direct 
examination, counsel has a right to examine them. 

The physician hands the records to counsel who then proceeds to 
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examine them. The cross-examiner hunts for vulnerable spots in the rec- 
ords and searches them for material for cross-examination. 

Q. Did you ever know or see this patient or treat him before this 
case? 

A. Never before. 

Q. Are these records in your handwriting? 

A. Yes, they are. 

Q, Now, doctor, weren’t these records written up recently and 
all at one time? 

A. Yes, they were. You are loo per cent correct there. I wrote 
them up yesterday. I made this copy from my original records 
because of this court case. 

Q. In what respect do your original records differ from or contra- 
dict these records? 

A. They are identical. 

Q. Are they on the same form of card? 

A. Exactly the same. 

Q. Have you the original records with you? 

A. No, I didn’t think I needed them and thus did not bring them 
with me. 

Q. Where are the original records now? 

A. At my office. 

Q. And where is that? 

A Park Avenue, Manhattan. 

Q. Why did you bring the copy with you instead of the original? 

A. They are both identical. I felt it would suffice. 

Q. It is now 2:30 P.lM.— how long would it take you to get the 
original records and return with them. 

A. I haven’t got the time to do that. 

Q. If my clerk should leave with you now, would it be possible 
for you to return to your office and give my clerk these original 
records? 

A. I can’t waste all day on this case, 

Comzsel: I ask your Honor to direct Dr 

pick up his original records and to return with them to court 
this afternoon. 

(Colloquy between counsel and the court). 

Court: Doctor, since the request for your original records 
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is made, I must ask you to get them and produce them. You 
will be e.v'cused for this purpose. 

Witness: Frankly, your Honor, I do not tliink I could find 
them. I made these records yesterday intending to bring the 
original records to court, to leave the original records with the 
court if it desired them and to retain the copy as my perman- 
ent record. I placed the copy in my metal index file and put the 
original in my wallet pocket. This morning, I looked for the 
original records and could not find them. I searched for a half 
hour without success. They must be in my office or at home, 
somewhere. I suppose I should have admitted this before. I 
have never lost records before and felt quite embarrassed about 
it. I should not have tried to bluff my way out of it. 

Q. When you tried to bluff your way out of it you knew you 
were under oath? 

A. Yes, I did. 

Q. When you stated that you did not bring the original records 
with you because you did not think you needed them, that was 
false and untrue, wasn’t it, doctor? 

A. W ell, I suppose it wasn’t true but I did feel that the copy would 
satisfy you. 

Q. You originally intended to bring the original to court? 

A. Yes, I did. 

Q. So you testified falsely when you stated that you did not bring 
the original record because you did not think you would need 
it, is that not correct? 

A. My answer was untrue. 

When a witness rakes the stand he swears that he will tell the truth, 
the whole truth and nothing but the truth. The cross-examiner hopes to 
catch the witness in a lie on the theory that if the witness lies in one 
respect the court and jur\' will believe that he is careless about the truth 
and that he is the lying kind. Bluff is not recommended. Physicians 
should always bring their original records to court. To produce copies 
will only create the impression that the originals are non-existent. This 
advice should be followed even if the copy is in a more convenient 
fonn. If the doctor desires to produce both original and copy, and leave 
the copy, should the court require it, this can be done. It is a mistake 
to leave the original at the doctor’s home, or office. 
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A cross-examination as to a physician’s records is so frequent an 
inquiry that a second example is being given. An effective cross-examin- 
ation in this field is illustrated by a case involving a possibly fractured 
skull. The physician testified to these injuries: a deep laceration on the 
hand, a period of unconsciousness (ten minutes) , bleeding from the nose 
and ears, nausea and headache. These are what the physician found on 
the first visit. X-rays of the skull were taken in various positions. The 
pictures were negative. The doctor’s diagnosis ' was a fractured skull. 
The doctor kept the patient in bed for three weeks. 

After the doctor’s records were turned over to counsel, the cross- 
examination proceeded in this manner: 

Q. Notwithstandnig the x-ray you persist in your diagnosis of a 
fractured skull? 

A. Yes, a fracture of the base of the skull. The x-ray is not con- 
clusive. To me the findings are more impressive. 

Q. Without what signs and conditions would you not have made a 
diagnosis of fractured skull? 

A. All the things I found are important. I am not sure that 1 quite 
follow you. 

Q. If the plaintiff had not suffered from headaches and nausea 
when you first examined him, would you have made a diagnosis 
of fractured skull? 

A. He was suffering from these and told me so. 

Q. I repeat, if you did not find the plaintiff suffering from head- 
ache and nausea, you would not have made that diagnosis, is 
that correct? 

A. Without nausea, I still may have, in view of the other findings, 
without head pains, no. 

Q. Without bleeding from the nose and ears, would you have made 
that diagnosis? 

A. Without bleeding from the nose, yes. Without bleeding from 
the ears, no. 

Q. If there was no bleeding from the ears you could not have made 
a diagnosis of fractured skull in this case. 

A. That is absolutely correct. 

A series of questions were then asked the doctor to divert his atten- 
tion from the subject of bleeding from the ears. 

Q. Have you an independent recollection of what you saw the 
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^ plaintiff suffering from and what he told you, or is this case just 
like a thousand others and do you only remember what the 
patient had because of your records? 

A. I remember this case very well. 

Q. Do you remember asking your patient questions and summariz- 
ing on this card what you were told and what you found? 

A. I put down what was important. 

Q. You remember doing that in this case? 

A. Yes. 

Counsel now picks up the card, and u^hile looking at it, asks these 
questions; 

Q. You were told that the injuries resulted from falling plaster 
and you made a record as to that, correct? 

A. Correct. 

Q. Falling plaster could have caused a bloody nose? 

A. There was no mark on the nose. 

Q. You do not say there was no mark on the nose in this record, 
doctor? 

A. Where there is no mark or injury to a part, I make no record 
as to that. I made no entry that there were no marks or injuries 
to the man’s legs or toes, either. 

Q. Since you knew this injury would result in a lawsuit, you were 
especially careful in the making of records, were you not? 

A. I was primarily concerned with curing the patient,' not winning 
a lawsuit. 

Q. You knew there might be a lawsuit? 

A. I did not think about it. 

Q. You made a record of how the injuries occurred and all the 
injuries that you found and observed? 

A. I always do that, accident or no accident. 

Q. And you did that in this case? 

A. I did. 

Counsel continues to examine card as he questions the witness. 

Q. You were told about headaches and you put that down? 

A. Correct. 

Q. Plaintiff told you about nausea and you put that down? 

A. That’s right. 

Q. \ ou saw' a deep laceration on the skull and you recorded that 
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on this card? 

A. I put down everything I saw that was important. 

Q. You saw bleeding from the ears and you made a note as to that 
on this card? 

A. I did. 

Q. Doctor, you have an independent recollection of writing down 
all these things? 

A. Of course. 

Q. Do you recall whether you wrote the entry regarding the bleed- 
ing from the ears, with pen or pencil? 

A. Pen. 

Q. With what color ink? 

A. I always use green ink. 

Q. Your memory as to all this is clear enough so that you can see 
yourself doing all this? 

A. Of course. 

Q. And what plaintiff didn’t suffer from you did not write down? 

A. I have told you this before. 

■Q. Doctor, isn’t it a fact that there is no entry whatsoever on this 
card regarding bleeding from the ears? 

A. No answer. 


The physician’s records serve as a very fruitful beginning for a suc- 
cessful cross-examination. A written record is more eloquent and con- 
vincing than a thousand spoken words. The solution for a cross-exami- 
nation as to records is more careful and thorough records, and a search- 
ing scrutiny of these records by doctor and counsel before the doctor 
takes the stand. There is no excuse for a physician being surprised as 
to the contents of his own records. 

3. Physicians should anticipate a cross-examination as to hypotheti- 


cal questions covered during the direct examination. In almost every 
case wherein a physician testifies, a hypothetical question is asked. 
Bouvier’s Law Dictionary defines a hypothetical question as “a question 
put to an e.xpert witness containing a recital of facts assumed to have 
been proved, or proof of which is offered in the case and requiring the 
opinion of the witness thereon.” The standard pattern of cross-examin- 
ation, with reference to such question is to proceed in either of two 
ways ( I ) to induce the expert to admit that a few specific facts among 
the many assumed facts in the question are the “sine qua non” or essen- 
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rial facts of the opinion without which the conclusion would not be 
possible, and then to attack the existence or non-existence of those 
essential facts, and (2) to ascertain how the opinion of the expert would 
be affected by adding to the hypothetical question new facts not orig- 
inally contained in the question. 

As an example a case is set forth here wherein the physician claimed 
that on an assumed state of facts it was his opinion that the decedent 
was insane. The assumed facts were as follows: decedent suffered from 
periods of excitement and depression; he refused to see four of his five 
children; he believed in spiritualism; he felt that four of his children 
were extremely anxious for him to die; he was very irritable and obsti- 
nate; he complained of constant headaches and these existed for about 
three years prior to the time decedent died, at the age of sixty-nine 
years; and he suffered from frequent and violent spells of intoxication 
and fits of temper. A few of the questions asked the e.xpert follow: 

Q. Would you say that everybody who believed in spiritualism 
was insane? 

A. No. 

Q. Would you say that a belief in spiritualism in and of itself is 
an evidence of insanity? 

A. Not in and of itself, but I think it is an evidence of insanity in 
this case. 

Q. Was the decedent’s belief in spiritualism peculiar or different 
from the ordinary variety of spiritualism, and if so, describe in 
what way it differed? 

A. I know of no way in which decedent’s belief differed from 
general beliefs on the subject. 

Q. Then is it correct that it is the decedent’s belief plus the other 
facts assumed by you that convinced you that decedent’s belief 
in spirinialism is important? 

A. Yes. 

Q. We agree, therefore, do we not, that a belief in spiritualism 
in and of itself is no evidence of insanity? 

A. I would agree with you there. 

Q. And the decedent’s belief in spiritualism alone and in and of 
itself is no evidence of insanity, is that correct? 

A. I would say so. 

The same series of questions were then directed to all the assumed 
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facts in the hypothetical question. Counsel finally persuaded the expert 
to admit that three facts were sufficient by themselves to, convince the 
doctor that decedent was insane, to wit, the fact that decedent believed 
that four of his children were anxious to have him die, that he refused 
to see four of his children, and that he suffered from periods of excite- 
ment and depression. The examination then proceeded in this way: 

Q. Would you say that each of these three factors independently 
suffice to justify a conclusion decedent was insane, or would you 
say that the combination of these three factors compel that con- 
clusion? 

A. The combination. 

Q. So that if any of these three factors did not exist you would 
say that there was an insufficient basis to form an opinion that 
the decedent was not sane? 

A. Excepting if the decedent had practically continuous periods of 
excitement and depression without let-ups and without aiiy 
periods of normalcy I might say that that alone was sufficient. 

Q. However, you know that the hypothetical question did not 
assume any such state of facts? 

A. Yes, that is true. 

Q. And you know that there is no claim that the decedent suffered 
from practically continuous periods of excitement and depres- 
sion and that the testimony is to the contrary, do you not? 

A. Yes, so I have been told. 

Q. So it is correct, is it not, that you believe that it is a combina- 
tion of these three factors that brings you to the conclusion? 

A. I suppose so. 

Q. And that if any of these three factors did not exist you per- 
sonally would not or could not come to the conclusion that 
decedent was insane? 

A. I think that is so, 

Q. If you should assume that before decedent refused to see four 
of his children, those children constantly demanded of decedent 
whenever they were with him that he divide his wealth among 
his children before he died, and whenever he would see these 
four children there were constant arguments and bickering con- 
cerning that subject with a result that decedent would become 
terribly ill and excited— would you say that his refusal to see 
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those four children was without cause or reason? 

A. Thar would depend on just how violent the arguments and the 
bickering were. 

Q. You do not consider it an evidence of insanity do you, if a 
man of sLxty-eight years of age refuses to divide his wealth 
among his children, do you? 

A. No. 

Q. If four of decedent’s children constantly harped on the subject, 
do you believe that a sane man might become aggravated and 
would find it unpleasant to see his children? 

A. Those facts were not asked me when I rendered my opinion. 

Q. Well, I ask you to assume those facts and ask you whether or . 
not that would alter your opinion? 

A. I would say that it probably would. 

Q. If the children had expressed sentiments to various people that 
if the father -would only die his wealth would be distributed 
among them, and these facts were conveyed to decedent, would 
you say that the decendent’s belief in this regard was an insane 
delusion and the idea of an insane man? 

A. If that fact were established I would say that it was not un- 
reasonable. 

Q. I am asking you to assume that fact, am I not? 

A. Yes. 

Q. All the other facts upon which you base your conclusion were 
assumed and not proved, is that not correct? 

A. That is true. 

Q. And it is correct, therefore, is it not, that if the decedent’s belief 
concerning his children’s wish that he die and that the deced- 
ent’s refusal to see these four children had a basis in fact and 
reason, that you would come to a different conclusion with 
respect to the insanit)’- of the decedent? 

A. I would be compelled to. do that. 

Q. If any of the three factors which you concluded were an essen- 
tial basis for a conclusion of insanity did not in fact e.xisr, -you 
would say that the decedent was sane, is that not true? 

A. I would have to. 

1 he expert should see the hypothetical question before he takes the 
>'r.md. i‘.specially is this true if it is lengthv, for counsel for the adverse 
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side may ask the physician to repeat it or to repeat the facts which the 
physician feels are essential for the opinion. The physician should discuss 
the hypothetical question with counsel before the trial. He should deter- 
mine and advise counsel what are the essential and the non-essential 
facts. 

4. A cross-examination as to physician’s fees or compensation is 
quite a frequent occurrence. In connection with a case involving per- 
sonal injuries such cross-examination follows: 

Q. Did you come to court today pursuant to subpoena? 

A. No, I did not. 

Q. You came voluntarily, merely as a result of a telephone call or 
an oral request? 

A. Yes. 

Q. You expect a fee for testifying in court today? 

A. Yes, I hope that I will receive one. 

Q. Do you expect to be paid? 

A. Yes, I do. 

Q. Have you had any conferences with counsel or with the plain- 
tiff with respect to fees for attending court? 

A. No. 

Q. No fee has been fixed yet? 

A. No. 

Q. Who asked you to come to court? 

A. Mr. Blank (counsel for plaintiff). 

Q. Did you see Mr. Blank before he called you? 

A. He came up to see me at my office about three weeks ago. 

Q. Was the subject of fees for your appearance today broached at 

all? 

A. No, it was not. 

Q. When did Mr. Blank call you on the ’phone about coming to 
court? 

A. Yesterday. 

Q. Was the subject of fees or money for your appearance m court 
discussed over the ’phone by Mr. Blank? 

A. No, it was not. 

Q. Did you ever have a talk concerning fees for appearing in court 
with the plaintiff? 

A. No. 
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Q. When Mr. Blank called you. to ask you to come to court, did 
you say anything about being paid for coming to court? 

A. No. 

Q. As a result of your appearance here in court you have been 
unable to visit a number of patients and thus you will suffer a 
financial loss by testifying? 

A. That is true. 

Q. When you stated that you would appear in court, you knew 
that you would suffer a financial loss unless you were paid for 
this court appearance? 

A. Yes. 

Q. But notwithstanding that, nothing whatsoever was mentioned 
about your fee by you or iVIr. Blank, is that correct? 

A. That is true. 

A physician as an expert is privileged to charge a fee for expert testi- 
mony. An ordinary witness cannot demand compensation for testify- 
ing. Physicians sometimes fear that they cannot admit that they have 
been paid or promised a fee for a court appearance. Knowing that it is 
proper to receive compensation should make it possible for the physi- 
cian, who is aware of this fact, to defend himself against this standard 
pattern of cross-examination. Where physician’s records as to fees— the 
charges made and the payments received and the number of house and 
office visits— are not accurately kept, he can expect trouble from an 
inquiry along these lines. The remedy is quite simple— better records. 
Where the physician anticipates that the case will end in court, the 
records should be kept with an eye toward cross-examination. Nine 
rimes out of ten the history will reveal this. 

The preceding examples were given to illustrate “standard patterns 
of cross-examination” affecting subject matter. A “standard pattern” 
can relate to the field of inquiry or the manner of questioning a witness. 

A cross-examination as to details is a “standard pattern of cross-ex- 
amination”— it is a way of questioning a witness. It may be pursued in 
any field of inquiry. A cross-examination as to details is probably the 
most frequent method utilized by cross-examiners. The phrase “stand- 
ard partem of cross-examination as to details” is intended to describe a 
cross-examination concerning all the details or particulars of any situa- 
tion. The inquiry will search into every nook and comer and every 

se of a subject. Usually, the cross-examiner hopes by pursuing rhi<; 
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method to test either the memory or the trustworthiness of the witness. 
The theory behind a cross-examination as to details is that if a witness 
did not actually live through the experiences claimed to have occurred, 
he will not be able to consistently or cohesively manufacture or create 
or imagine the details as fast as the questions are asked. A cross-examin- 
ation of this character is designed to develop inconsistencies, contradic- 
tions and improbabilities in the witness under examination or between 
that witness and others who have testified. This is a “standard pattern” 
that may take place in practically any field of inquiry. An examination 
of this variety may necessitate a long and protracted questioning before 
any results are achieved. If a cross-examination as to details is had as to 
visits and treatments (where counsel suspects that the number of visits 
and the extent of the injuries are exaggerated) , the cross-examiner may 
question the physician as to these matters: what complaints were made 
by the patiennand what treatments were administered on each visit, the 
exact respects in which the plaintiff’s complaint and condition differed 
on each visit, in what respect each treatment differed from each other, 
exactly what entries were made on each visit covering each complaint, 
finding and treatment, exactly when each medicine or treatment was 
discontinued, when each injury healed, duration of each visit. An in- 
quiry into all these items would be made in the most minute detail. 
A case illustrating a cross-examination as to details follows. These 
physician’s records contained full particulars of the patient’s first 
visit and they set forth the date of each subsequent visit, but there 
was nothing in the records regarding the patient’s complaint or the 
doctor’s findings or treatment on any visit following the initial 
examination. Notwithstanding this, the doctor testified in quite mi- 
nute detail as to the patient’s complaints and the physician’s own 
findings and treatment on numerous occasions that he saw the patient. 
The patient sustained what appeared to be a pretty usual garden variety 
of fractured arm. The doctor saw the patient twenty (20) times. He 
recalled special findings, complaints and treatments prescribed on eight 
of these, including the first visit. After thoroughly questioning the doc- 
tor as to everything that occurred on each visit, the cross-examination 
took this tack; 

Q. The plaintiff suffered from a simple fracture of the left arm, is 
that correct.' 

A. Yes. 
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Q. Are the records that you produced and exhibited to me the 
only records that you have regarding this case? 

A. Correct. 

Q. Was there anything extraordinary or unusual about this fracture 
and if so will you describe it? 

A. No, there was not. 

Q. The last visit M'^as made two years ago, is that correct? 

A. Yes. 

Q. Was there anything striking or outstanding about this case that 
makes it stand out in' your mind above all others, and if so, 
describe what that is? 

A. No, I wouldn’t say that there is. 

Q. I suppose that on the average you have treated at least ten pa- 
tients per day during the last two years? 

A. Probably more. 

Q. Have you an equally good recollection as to the cases of all 
your patients? ' 

A. Yes, I have a pretty good memory. 

Q. That means that you have treated on the average about sixty 
patients per week? 

A. Yes. 

Q. Since the time that you treated the plaintiff you have had occa- 
tion to make at least 6,000 visits? 

A. Yes, I suppose so. 

Q. And can you recall the exact complaints made to you and the 
exact findings made by you, and the exact treatment adminis- 
tered by you on each of those 6,000 visits, with the same detail 
that you were able to recall these things with respect to the 
plaintiff? 

A. No, I can’t say that I could. 

Q. Do you recall the names of any patients you saw on the same 
days that you saw the plaintiff? 

A. No. 

Q. Can you tell us what complaints were made to you or what 
findings were made by you, or what treatments were adminis- 
tered by you to any patients that you saw on the days that you 
saw this plaintiff? 

A. No, I can’t. 
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Q. Doctor, have you really and honestly an independent recollec- 
tion as to what you were told by the plaintiff, and as to what 
you saw and did on each visit following the first examination, 
or did you tell us what is usual and customary in fractures of 
this kind? 

A, Well, it may be that I am stating what the usual findings and 
treatment are for cases of this kind. 

At this point more than any other, the advice concerning the state- 
ment “I don’t know,” and “I do not recall,” bear repetition. If a wit- 
ness blithely details what no human being can remember, the person 
will be branded as a liar. 

Every subject upon which a doctor may be questioned can not be 
set forth in an article of this length. However, there are a few fields of 
inquiry and methods of examination which should be mentioned— 
even though they are not discussed fully— in an attempt to set 
forth the minimum that every physician should know about cross- 
examination; 

1. Medical Texts: Prior to the trial,, lawyers sometimes gather to- 
gether medical texts concerning statements which support the propo- 
sitions for which they are contending and which may differ from what 
the medical witness is likely to maintain. The physician will be con- 
fronted with these “medical authorities” on cross-examination. Before 
coming to the court the doctor should read up on the subject upon 
which the examination will be had and familiarize himself with names 
and authors of medical works in the field and know what books are 
considered authorities. This rehearsal will enable the physician to con- 
vincingly disagree with the medical texts where the statements made 
therein are unfounded and will enable the physician to support his con- 
tentions by books or printed authorities, which always influence court 

and jury, 

2. Extern of Court Work: Lawyers will invariably ask a medical 
witness how much time he spends in court, how frequently he testified, 
whether or not he is customarily called for plaintiffs or defendants, the 
type of cases to which he is most often asked to appear and how 
often the physician has come to court for counsel in the case. The 
best defense to this line of inquiry is to know what is coming-and 

it generally does. , u • T-k 

3. Relationship between Vhysicmis and Lawyer md Patient: ine 
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lawyer will explore into the length of time that the witness knows 
counsel and patient, whether the doctor forwarded the case to the 
lawyer, how friendly the parties are, and the like. The cross-examiner’s 
design is ro show that the doctor is not a disinterested witness and that 
the testimony is colored by friendship. This line of cross-examination 
is not as effective with the triers of the facts as counsel ordinarily 
believes. The advice given under the heading '’’’Extent of Court W ork'^ 
applies with equal force here. To be forewarned is forearmed. 

4 . Subjective Syntpt07its: Where the patient’s injuries or principal 
injuries are largely subjective, the physician can expect from a compe- 
tent cross-e.xaminer a strenuous cross-examination about the matter. 
The cross-examination will first determine what are the subjective 
symptoms, what are partly subjective and what the doctor actually saw 
or found. The cross-examiner will endeavor to find out what exists 
solely in the patient’s mind and what can be established by objective 
findings. Since cross-examination is designed to test the truth it cannot 
be expected that “tricks” can be taught to evade its effect. A remedy 
for this does exist and that is a more thorough examination of the 
patient by the physician and more complete and careful records. Wher- 
ever an appearance in court is a possibility, the physician should remem- 
ber that he will be questioned as to what complaints and injuries are 
subjective symptoms, 

5 . “Have you talked with anybody about this case.^” is a common 
question. Laymen “faU” for this quite frequently. Physicians only 
rarely. The usual pattern of this cross-examination is in this form: 

Q. At any time before„today did you discuss this matter, or the 
testimony that you have just given with any person? 

A. No. 

Q. Did you ever discuss this matter with the attorney who just 
questioned you? 

A. No. 

Q. You testified on direct examination that you personally wit- 
nessed the automobile accident? 

A. Yes. 

Q. At any time did you discuss with the attorney who questioned 
you the facts or details as to what you saw? 

A. No. 

Q. Will you please then explain to this court and jury how that 
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attorney knew what you were going to say, or was aware of the 
fact that you saw this accident? 

A. No answer. 

Naturally this witness will be discredited in the eyes of the tribunal. 
Each and every juror is fully aware of the fact that this witness did talk 
with the party who questioned him, or with his attorney, or with some- 
body. Unless he had given his name to some person and told what he 
knew, he would not have been called as a witness. The witness was 
undoubtedly of the opinion that it was wrong or improper for a wit- 
ness to talk with anybody concerning the matter. It is perfectly proper 
for a witness to talk with any person in advance of the trial. As a mat- 
ter of fact the witness should go over the matter with the attorney who 
calls him before he appears in court, and he should ask the attorney 
to cross-examine him in the same way that the witness will be cross- 
examined on the trial. Likewise the witness should thoroughly familiar- 
ize himself with each and every angle of the case about which the cross- 
examination can be anticipated, and especially regarding all the facts 
that may appear to be unfavorable to the side for which the witness 
is being called. It is not wrong to prepare oneself thoroughly for trial. 

Preparation is the key to success for the medical witness. A lawyer 
prepares for cross-examination. Why should the physician do less in 
anticipation of this mental duel? The physician’s preparation should 
commence with the examination of the patient and with the making 
of the medical records of the case. Both should be made with an eye 
toward the trial. Before the trial a study should be made of the subject 
matter of the pertinent texts and the authorities should be examined. 
Conferences with the patient and the lawyer before testifying are most 
desirable. If all these instructions are followed the doctor will step up 
to the witness stand ready to devour the blood of the cross-examiner. 
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SIR FREDERICK GRANT BANTING* 

Charles H. Best 


Director, Department of Physiology and Banting and Best Department of 3IedicaI Research 

University of Toronto 



Ranting will always be remembered primarily for the 
preeminent part he played in the discovery of insulin 
and I feel that you will wish me to speak particularly 
of that phase of his brilliant career. 

Bantinsr’s ancestors were of Irish and Scotch extrac- 
tion. I remember a very pleasant week end spent with him and his 
parents at their farm house shortly after the first stage of the insulin 
work was completed. His mother, whose maiden name n^as Grant, died 
only a year before her son. Both she and his father were of sterling 
worth. I have a letter from Banting written in answer to a note of con- 


dolence at the time of his mother’s death. He wrote “The death of our 
parents places us in the front line.” 

After qualifying at the High School in Alliston, where he was bom, 
Banting entered the University of Toronto. He was the type of student 
whom his instructors remembered. He had an inquisitive mind. His 
medical course was interrupted by the Great War but after enlisting 
as a private, he was sent back to obtain his degree. He completed his 
course in 1917 and immediately entered the Army. He took a vety great 
interest in his military patients and many of them kept in touch with 
him throughout his life time. The high point of his military career was 
his experience in France, where he won the Military Cross for bravery 
in action. 

After the war he specialized in surgety at the Sick Children’s Hos- 
pital in Toronto, where he gained the friendship of such men as the late 
Professor C. L. Starr, Professor W. E. Gallic and Dr. D. E. Roberston. 
\\ hen Banting left the Sick Children’s Hospital he began the practice 
of medicine in London, Ontario. The growth of his practice was disap- 
pointingly slow and Banting spent some time demonstrating in the 
Department of Physiology' of the University of Western Ontario. While 
preparing a lecture on diabetes, he read an article by Dr. .Moses Barron. 


Kc.id OcioSer 2. 1041 at lije Stated Meeting of The Xe«- Vorh Academy of Medicine. 
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Banting always felt that Dr. Barron, whom I think he subsequently 
met, had helped him to form an hypothesis which was in part responsible 
for the initiation of the work which led to the isolation of insulin. 

Banting went to Toronto in the autumn of 1920 to consult Profes- 
sor J. J. R. Macleod who was recognized as one of the world’s greatest 
authorities on carbohydrate metabolism. I was spending-part of my time 
that year in physiological research under Macleod’s direction but I did 
not meet Banting until the next spring just after I had completed my 
course in Physiological and Biochemical Sciences. Macleod told me 
about Banting’s desire to search for the internal secretion of the pan- 
creas and he spoke admiringly of Banting’s determination. This quality 
was the outstanding one in his character and was immediately apparent 
when I met him in May, 1921, a few days before the investigations 
which resulted in the isolation of insulin were begun. The initiation of 
the work was due entirely to him and he overcame all of the many 
obstacles in his path. 

It will perhaps serve as a further appreciation of his character if 1 
outline a few of the incidents which seemed to us important at the time. 
When the first five weeks of work revealed the fact that our technique 
for securing pancreatic degeneration was unsatisfactory, Banting did not 
hesitate to finance himself for a further period by selling his small car. 
He sometimes performed minor operations for some of his medical col- 
leagues. He loaned me a small sum which was only repaid when Pro- 
fessor Macleod in the autumn made arrangements for us each to receive 
the sum of S60 monthly. My payments and, I think, Banting’s were 
dated back for several months. 

Banting, was a skilful and resourceful surgeon. For the first few 
months all of the chemical work fell to my lot but he gradually learned 
the techniques and he taught me the surgical procedures essential to our 
work. There were, of course, many problems but our association during 
those busy months gave me a tremendous respect for his perseverence 
and peculiar ability to plan attacks and to carry through the invesdga- 
tion. We became very firm friends. His letters to me and the charts 
and illustrations for our first articles which we worked on together, 
are among my most prized possessions. I will always be indebted to him 
for his generous references to my part in the insulin investigations, for 
sharing equally with me his half of the Nobel Prize award and for his 
numerous demonstrations of thoughtfulness and regard. At the last com- 
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mittee meeting which we attended together, a few weeks before his 
death, an extension of my department was under consideration by mem- 
bers of our Board of Governors. Banting’s unselfish and most helpful 
interest in this matter is recorded in the minutes of that meeting. 

Our very intimate association in research, which began on May 16, 
1922, persisted until October 1923, when I decided to proceed with my 
medical course. Shortly after that the Banting and Best Department of 
Medical Research was created and Banting was installed as Director. 
He worked very hard at numerous problems over the period of sixteen 
years until the present war was upon us. He devoted himself mainly to 
cancer research but found time to stimulate many young associates who 
attacked a great variety of problems. The work on silicosis was perhaps 
the most successful. 

I firmly believe that his second great contribution was made in the 
eighteen months of war when he sacrificed all his personal interests and 
gave himself unsparingly to organizing our country for research in the 
various aspects of war medicine. He devoted himself primarily to the 
medical aspects of aviation and eventually, as you all know, gave his 
life while attempting to carry new information on these problems to 
England. 

Banting was a man of exceptional physical courage, intense deter- 
mination, and warm friendships. He achieved the distinction of becom- 
ing our most illustrious Canadian citizen. He will be commemorated in 
many ways but he would have asked nothing more than that every 
attempt be made to extend and apply the results of the work which 
he began. * 
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PROCEEDINGS OF ACADEMY MEETINGS 


STATED MEETING 

Ma.v 21 — The Harvey Society (in affiliation 
raith The Nero York Academy of Medi- 
cine). The Eighth Harvey I^ecture, 
“The Comparative Anatomy and Phar- 
macology of the Pituitary Body,” Eu- 
gene M. K. Ceiling, Professor of Phar- 
macology, University of Chicago Medical 
School. Report on election of Academy 
Fellows. 


SECTION MEETINGS 

May 1 — Surgery. ^ Executive session — a] 
Reading of the minutes; b] Election of 
Section Officers and member of Ad- 
visory Committee: for chairman — Frank 
J. McGowan, for secretary — John V. 
Bohrer, For member of Advisory Com- 
mittee — Frank B. Berry. ^ Presenta- 
tion of cases — a] 1. Tuberculosis of the 
appendix, 2. Friedlander’s bacillus pneu- 
monia with secondary lung abscess. Op- 
eration — Recovery, D. Rees Jensen; b] 
Cases of diabetic gangrene. Healing 
under conservative therapy (lantern 
slides), Saul S. Samuels. Paper of the 
evening — The topical use of sulfanila- 
nude and sulfadiazine in various media 
in the treatment of burns, Adrian V. S. 
Lambert. General discussion. 

May 6 — Dermatology and Syphilology. 
J Presentation of cases — a] Beth Israel 
Hospital; b] Brooklyn Jewisli Hospital: 
c] Cornell University Medical College. 
)[ Discussion. Executive session — Elec- 
tion of Section Officers and member of 
Advisory Committee: for chairman — 
Frank C. Combes, for secretary — Samuel 
M. Peck, for member of Advisory Com- 
mittee — Eugene F. Traub. 

May 5 — Combined Meeting: Neurology and 
Psychiatry and the Nero York Neuro- 
logical Society. Reading of the minutes, 
ly Papers of the evening — a] The elec- 
troencephalogram in epilepsy, Francis 


A. Echlin, discussion by Paul lioefer, 
Margaret Rheinberger, PIi. D. (by invi- 
tation) 5 b] A psycliopathological review 
of senile and arteriosclerotic disorders, 
Oskar Diethelm (by invitation), discus- 
sion by John H. Travis; c] Mental ca- 
chexia: Nature and management, Jolin 
L. Smalldon (by invitation), discussion 
by Leland E. Hinsie, Howard W. Pot- , 
ter. y[ Executive session of the Section — 
Election of Section Officers and mem- 
ber of the Advisory Committee: for 
chairman — Charles Davison, for secre- 
tary — Gerald R. Jameison, for member 
of the Advisory Committee — George H. 
Hyslop. 

May Historical and Cultural Medicine. 
f Executive session — a] Reading of the 
minutes; b] Election of Section Officers 
and member of Advisory Committee: 
for chairman — Herman Goodman, for 
secretary — ^Edward F. Hartung, for 
member of Advisory Committee — Claude 
E. Heaton. Paper of the evening — 
Hand and occupation: A study in tl;e 
liistory of occupational medicine, George 
Rosen (by invitation), discussion by 
Leonard Greenburg, Louis TuHpan. 

General discussion. 

May 14 — Pediatrics. Executive session — 

a] Reading of the minutes; b] Election 
of Section Officers and member of Ad- 
visory Committee; for chairman — 
Charles Hendec Smith, for secretary — 
Edith M. Lincoln, for member of. Ad- 
visory Committee — Alfred G. I^ang- 
inann. tf Presentation of single case re- 
ports — a] Babies Hospital, refractory 
rickets, Donovan J. JiIcCune (by invita- 
tion), Beridge Robertson (by invita- 
tion) ; b] Beth Israel Hospital, Edema 
with unexplained hypoproteinemia, li- 
pemia and eosinophilia, Jean Wolfson 
(by invitation) ; c] Bronx Hospital, he- 
patic necrosis, Henry "Weisman (by in- 
vitation) ; d] Lenox Hill Hospital, Sub- 
dural hematoma, Julian L. Rogatz; ej 
.Mount Sinai Hospital, Trichobezoar of 
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the stomach, Philip J. Kresky (by in- 
vitation) ; f] New York Hospital, A 
rare congenital anomaly of the lung, 
Samuel W. Dooley (by invitation); g] 
New York Post-Graduate Hospital, 
Pseudohermaphroditism in a case of 
adrenal hyperplasia, Vincent de P. Par- 
kin (by invitation) ; h] Roosevelt Hos- 
pital, Hypoglycemia convulsions with 
subtotal pancreatectomy, Agnes G. Wil- 
son (by invitation), Howard A. Patter- 
son; i] New York Infirmary for Wo- 
men and Children, Primary tuberculosis 
of the conjunctiva, Margaret Sedam 
(by invitation), Olga Sitchevska (by 
invitation) ; j] Beth Moses Hospital, 
Glycogen storage disease with cardio- 
megaly, Harry Wexler, Abraham R. 
Kantrowitz; k] Bellevue Hospital, Mul- 
tiple osteomyelitis of the new born, 
Samuel Stone (by invitation) ; 1] Wil- 
lard Parker Hospital, Asthma with pul- 
monary tuberculosis and compression 
of the vagus nerve, Nicholas F. Fiegoli 
(by invitation), Theodore Ehrenreich 
(by invitation). 

May 15 — Orthopedic Surgery, Executive 
session — a] Reading of the minutes; b] 
Election of Section Officers and mem- 
ber of Advisory Committee: for chair- 
man — John C. McCauley, Jr., for secre- 
tary — Halford Hallock, for member of 
Advisory Committee — Joseph Buchman. 
5[ Papers of the evening — a] Paget’s dis- 
pense — a new theory of etiology and its 
• ilationship to vitamin C, Frederick R. 
Thompson, discussion by Mather Cleve- 
land, David M. Bosworth, and Samuel 
Kleinberg; b] A new approach to the 
diagnosis of herniation of intervertebral 
discs, William R. Duncan (by invita- 
tion), discussion by Lewis Clark Wag- 
ner and Kenneth M. Lewis; c] Tuber- 
culosis of the greater trochanter and 
adjacent bursae, Joseph B. L’Episcopo, 
Edward Haggerty (by invitation) and 
David M. Boswortli; d] Osteitis pubis — 
report of a case in a woman, Samuel 
Kleinberg. 

May is — Ophthalmology. |[ Instruction hour: 
7:00 to 8:00 o’clock — a] Binocular oph- 


thalmoscopy and red-free light in fund- 
us diagnosis — Ralph I. Lloyd; b] Clini- 
cal meeting;' jf Executive session: 8:30 
o’clock — a] Reading of the minutes; b] 
Election of Section Officers and member 
of Advisory Committee: for chairman — 
Daniel B. Kirby, for secretary — Richard 
T. Paton, for member of Advisorj-^ Com- 
mittee— Kaufman Schlivek. In memo- 
riam — Henry Robertson Skeel, W. 
Guernsey Frey. Presentation of cases 
— a] A case of congenital anterior syne- 
chiae, corneal opacities and microph- 
thalmos, Frederick H. Theodore; b] A 
case of tumor of the optic nerve, Wil- 
liam B. Agan (by invitation) ; c] Cases 
of congenital absence of lacrimal pimcti. 
Tliree cases in the same family, Arno 
E. Town (by invitation) ; d] A case of 
reconstruction of the lower e}"elid — 
Bernard Fread ; e] A case of thrombosis 
of the central vein treated with heparin, 
Charles M. Rosenthal (by invitation) ; 
f] A case of modification of Wheeler’s 
tasorrhaphy — Daniel B. Kirby; g] A 
case of congenital prepapillary cyst, 
J esse M. Le\itt (by invitation) ; h] A 
ease of bilateral pigmentation of the 
retina with macular changes, Gerald T. 
Schwarz (by invitation) ; i] A case of 
epithelioma of the cornea, George N. 
Wise (by invitation). 

May 19 — Medicine. — Executive session — a] 
Reading of the minutes; b] Election of 
Section Officers and member of Advisory 
Committee: for chairman — Irving S. 
Wright, for secretar}' — Martin Henry 
■ Dawson, For member of Advisory Com- 
mittee — Asa L. Lincoln. j[ Papers of the 
evening — a] The metabolism of the hu- 
man sperm in relation to survival and 
fertility (with moving picture demon- 
stration), John McLeod (by invitation) ; 
c] Discussion by Ephraim Shore (by 
invitation) . 

Oenito-Drinary Surgery. The following were 
elected at the April meeting of the 
Section: chairman — Frank P. Twinem, 
secretary — John H. Rathbone, member 
of Advisory Committee — John H. Mor- 
rissey. No meeting of the Section was 
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held due to the meeting of the American 
Urological Association in New York, 
June l-t. 

May 20 — Otol<xryn^ology. ^Executive ses- 
sion — a] Reading of the minutes; bj 
Election of Section Officers and mem- 
ber of Advisory Committee: for chair- 
man — John Winston Fowlkes, for secre- 
tary — ^Tctor Carl McCuaig, for mem- 
ber of Advisory Committee — Page 
Northington. ^ Papers of the evening — 
a] Technique of planigraphy of the lar- 
ynx, Murray M. Friedman (by invita- 
tion) ; b] The mechanism of phonation 
from the viewpoint of planigraphy of 
the larynx, Bruno L. Griesman (by in- 
vitation) ; c] Discussion, John D. Ker- 
nan. )f Case reports — a] Petrositis; par- 
alysis of the 6th and 7th nerves; men- 
ingitis, pneumococcus Type III, Thomas 
G. Tickle; b] Horner’s syndrome with 
chronic purulent otitis media: demon- 
stration of diagnostic test, Louis Hu- 
bert; c] Laryngectomy for extrinsic 
cancer, Mervin C. Myerson. 

May 26 — Obstetrics and Gynecology. Ex- 
ecutive session — a] Reading of the min- 
utes; b] Election of Section Officers 
and member of Advisory Committee: 
for chairman — William T. Kennedy, for 
secretary — Locke L, ^Mackenzie, for 
member of Advisory Committee — Harry 
Avanow. Papers of the evening — a] 
A simple safe maneuver for the deliver)' 
of shoulders, Charles Edwin Woods (by 
invitation) ; b] The termination of preg- 
nancy in patients with toxemia, Irving 
A. Bunkin (by invitation), Jefferson J. 
Vor'^imer (by invitation), Edwin G. 
Langrock; c] Value of the endometrial 
biopsy as compared with the vaginal 
smear, Locke L, iMackenzie, Theodore 


Neustaedter, discussion by George Pa- 
panicolaou (by invitation). ^General 
discussion. 

AFFILIATED SOCIETIES 

May 18 — Lew York Roentgen Society (in 
aj^liation with The New York Academy 
of Medicine). ^ Symposium of cancer 
of the breast — a] Autopsy findings, An- 
gelo AI. Sala (by invitation), Elma Bar- 
any (by invitation) ; b] Indications for 
radical mastectomy, Cushman D. Haag- 
ensen (by invitation), Artlnir Purdy 
Stout (by invitation) ; c] Roentgen 
therapy of the primary tumor and axil- 
lary metastases — inoperable and pre- 
operative cases, Alaurice Lenz; dj 
Roentgen tiierapy of distant metastases, 
Jacob R. Freid and Henry Goldberg 
(by invitation). Discussion by Hugli 
Auchindoss (by invitation), AViliiam C. 
White (by invitation), William Harris 
and Haig Kossabach. J Executive ses- 
sion. 

May 28 — New York Pathological Society (in 
affiliation with The New York Acad- 
emy of Medicine). Presentation of 
cases — a] Periarteritis nodosa in scarlet 
fever, Vera B. Dolgopol, S. Spector (by 
invitation) ; b] Alyocardial lesions in 
myasthenia gravis, Antonio Rottino, 
Robert Poppiti (by invitation). ^Papers 
of the evening — a] The origin of col- 
loid in lipoid droplets in the epithelial 
cells of tlie renal tubules. Plans Sme- 
tana; b] Alorphogenesis and significance 
of verrucal endocardosis (so-called ter- 
minal endocarditis or non-bacterial 
thrombotic endocarditis), Arthur C. 
Allen, Jonas M. Sirota (by invitation) 

([ Executive session. 
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Buckley, Roiiert Ejuieti-: 50 East 63 
Street, New York City; born in Connecticut 
in 1888; died in New York City, July 25, 
19J2; graduated in medicine from Yale Uni- 
versity School of Medicine in 1911; elected 
a Fellow of the Academy January 3, 1929. 

Dr. Buckley was* director of surgery in 
otolaryngology to the Manhattan Eye, Ear 
and Throat Hospital and consulting oto- 
laryngologist to the Misericordia 'and Roose- 
velt Hospitals. He was a Fellow of the 
American Medical Association, a diplomate 
of the American Board of Otolaryngology, 
a member of the American Academy of 
Ophthalmology and Otolaryngology, the 
American Laryngological Association, the 
American Laryngological, Rhinological and 
Otological Society, and the State and County 
Medical Societies. 

CiiAciy, Hexhi' Dwight; Bronxvilie, New 
York; born in Steubenville, Ohio, February 
•t, 1857; died in Bronxvilie, June 27, 19-12; 
received from Princeton University the de- 


gree of B.Sc. in 1877 and M.A. in 1886; 
graduated in medicine from the College of 
Physicians and Surgeons in 1881; elected a 
Fellow of the Academy February 1, 1886. 

Dr. Chapin was emeritus professor of 
pediatrics at the New York Post-Graduate 
Medical Scliool, Columbia University; one 
of the founders and on the staff of the 
Children’s Welfare Federation; a member of 
the American Pediatric Society, a Fellow 
of the American Medical Association, and a 
member of the State and County Medical 
Societies. 

Heller, Isaac Morris: 115 East 61 Street, 
New York City; born in New Haven, Con- 
necticut, May 20, 1872; died in New York 
City, June 7, 1912; graduated in medicine 
from Yale University School of Medicine in 
1896; elected a Fellow of the Academy 
January 6, 1910. 

Dr. Heller was a member of the medical 
hoard and attending otolarjugologist to the 
Lebanon Hospital, a major in the medical 
branch of the Officers Reserve Corps, a 
Fellow of the American College of Surgeons, 
a Fellow of the American Medical Associa- 
tion, a diplomate of the American Board of 
Otolaryngology, a member of the .American. 
Laryngological, Rliinological and Otological 
Society and a member of the State and 
County Medical Societies. 
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MARIHUANA* 
Roger Adams 

Professor of Chemistry, University of Illinois 

Harvey Lecture, FeHuary ly, ly^fz 



-^HE facts on marihuana which I shall present to you this 
evening comprise the results of the cooperative efforts 
of three laboratories— the chemical investigations at the 
University of Illinois, the pharmacology at Cornell Medi- 
5S cal College under the direction of Dr. S. Loewe, and the 
clinical experiments at Welfare Island Hospital under the auspices of 
the Mayor’s Committee on Marihuana and under the immediate direc- 
tion of Dr. Samuel AUentuck. All three laboratories acquired their 
supplies of raw materials from Dr. H. J. Wollner of the Narcotics Lab- 
oratory of the Treasury Department, and received much encourage- 
ment and stimulation from him. Dr. J. R. Matchett of the same labora- 
tory contributed significantly to the general problem by devising a 
method whereby a fraction of the red oil of hemp, containing a very 
high concentration of the active principle, could be obtained. 

Caimabis sativa, more commonly called hemp, is of peculiar interest. 
It has been known for thousands of years as a product of commerce; 
the fiber of the plant for clothing and rope, the seeds for the oil they 


Fro^ the Noyca Cheniical^ Laboratory, University of llHtiois,* the Departinent of Pfiarniacology 
of Coruell Uuiveriiiy MctMcal College anti the Welfare Island Ho>>iritaL 
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contain. The presence of an intoxicating principle in the resin of the 
plant has also long been recognized, since the physiological action of 
hemp preparations is mentioned in some of the earliest records available 
and is described in the first medical treatises. In the last two thousand 
years over four hundred articles have been published describing its 
intoxicating characteristics and the effects on humans.^ 

The preparation of the hemp for consumption as an intoxicant varies 
in different countries and consequently several names, such as marihu- 
ana, charas, ganja, hashish, and others, have been adopted, each in a 
definite locality. It is significant that the same characteristic phenome- 
non from any of these products is observed in man when the doses 
are equated. 

The clarification of the chemical and medical aspects of hemp ex- 
tracts has been extraordinarily slow for a material known as long 
and used as frequently as marihuana. The reasons have been several— 
the failure of chemists to isolate a pure active principle, the unsuccess- 
ful attempts of the pharmacologist, to find an animal test which paral- 
leled the activity in humans, and finally the lack of controlled clinical 
experiments. 

The recorded medical literature is most confusing. The reports are 
contradictory, and the description of the drug varies from one which 
is habit-forming and which with constant use is as harmful to the sys- 
tem as morphine, to one which is almost completely innocuous with a 
stimulation not far remote from that of alcohol. Spread of the use of 
marihuana in the United States has been due in part to its ready avail- 
ability, since hemp grows wild in countless places all over the country. 
Newspaper articles have described marihuana smoking among school 
children, and magazine articles have carried vivid accounts of activities 
encountered in tea-pads— dens where marihuana is- enjoyed by devo- 
tees. Marihuana has been accredited with precipitating premeditated 
criminal acts, of lowering morals and releasing inhibitions, and of serv- 
ing as a stepping-stone to other drug addictions such as the use of 
heroin. Furthermore, the claim has been made that continued use of 
marihuana produces mental deterioration. A “Marihuana Bill” was 
passed by the United States Congress in 1934. For purposes of adminis- 
tration marihuana is defined essentially as any part of the hemp plant 
or extract therefrom which induces somatic and psychic changes in 
man. The resjulations and penalties in the bill for use and distribution 
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of marihuana are as rigid as those imposed for the use and sale of 
morphine. 

In the investigations wliich are to be described this evening, more 
quantitative data on the chemistry, pharmacology, and clinical aspects 
of marihuana have been gathered than hitherto have been available and 
present a foundation for the eventual complete understanding of this 
interesting natural product. The chemical investigations, an excellent 
resume of which up to 1938 has been published by Blatt," wiU be dis- 
cussed first. Practically all of the chemical experiments which have been 
reported were performed on the resin present in hemp from various 
sources and the same general procedure for isolating the resin has been 
used by all investigators in this field. After extraction with an organic 
solvent, filtration of the solution thus obtained, removal of the solvent 
and vacuum distillation of the residue, a highly viscous, physiologically 
active oil results, red in color and boiling over a wide range. Fractiona- 
tion of the oil leads to the concentration of the active components in 
the portion boiling from 180-190° (i mm.) which is commonly known 
as “purified red oil.” This purified red oil usually used in the chemical 
studies has been shown definitely to be a welter of closely related sub- 
stances which are very difficult to separate from each other and which 
occur in varying proportions dependent on the source of the hemp. 

Between 1840 and 1895, most of the chemical investigations con- 
sisted in attempts to discover tests which would provide means of iden- 
tifying a hemp extract. Numerous color reactions were reported, only 
one of which has received frequent application and until recently gen- 
eral acceptance. This is the so-caUed alkaline Beam test which is the 
purple color produced by treatment of a hemp extract with 5 per cent 
methanolic potassium hydroxide.^ From our chemical results and from 
an extensive investigation of agronomic varieties of hemp by Dr. Match- 
etri it can be concluded that this test is not indicative of a substance 
V'ith marihuana activity. 

In 1895 Wood, Spivey, and Easterfield^ were able to isolate from 
“purified red oil” by means of a treatment with acetic anhydride, a 
crystalline acetate, which was removed from the residual oil and which 
could be purified in the normal way. Hydrolysis of this pure acetate, 
resulted in a homogeneous viscous oil which these investigators called 
cannabinol. Until about a decade ago, when the fact was shown to 
be erroneous, cannabinol was accepted as the active principle of hemp. 
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These same investigators performed preliminary experiments on the 
structure of the cannabinol molecule. Further work on its chemistry 
was impeded by the fact that in spite of many attempts in different labor- 
atories the isolation of cannabinol was not repeated until 1932 . At that 
time Calm®, an English chemist, again obtained this compound and com- 
pleted a series of brilliant researches from the results of which he was 
able to establish the skeleton and the substituents in the molecule but 
was unsuccessful in determining the orientation of all the groups. 

It was with this background that the chemical experiments were 
begun at the University of Illinois.* Attempts to isolate cannabinol from 
the purified red oil of Minnesota wild hemp by the procedure described 
by Cahn failed. Consequently, attention was turned to attempts to iso- 
late a phenolic product, the presence of which was established by quali- 
tative tests. Of the numerous reagents employed, 3,5-dinitrobenzoyl 
chloride reacted to give a crystalline compound which was readily 
removed from the residual oil and purified. It proved to be a bis-ester, 
the hydrolysis of which by an appropriate method gave a new substance 
which was termed “cannabidiol” because of the presence of two phen- 
olic groups." It was isolated first as an oil but eventually was obtained as 
a crystalline solid. By developing a new procedure as a substitute for 
Cahn’s method the isolation of cannabinol from this same oil was also 
accomplished, and for the first time cannabinol was induced to crystal- 


The experimental work of the series of researches at the University of Illinois w.is i>cUorme(l hy 
the foUowinf; students: B. R. Baker. C. K. Cain. J. II. Clark. Madison Hunt, Charles r. Je tn , 
IV. I>. JfePhee, D. C. Pease, C. M. Smith, R. B. Wcarn and Hans Wolff. 
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lize.®* The properties of cannabinol and cannabidiol are compared in 
Chart I. Cahn’s proposed formula for cannabinol is shown; his evi- 
dence for this structure was conclusive except for the positions of the 
hydroxyl and 7/-amyl groups. 

The similarity in the empirical formulas of these two compounds 
is striking and led to the belief that these two sister substances must 
have structural formulas not too unrelated. The optical activity of can- 
nabidiol suggested immediately the probability of partial hydrogena- 
tion of one aromatic nucleus in cannabinol and indeed the left one, since 
cannabidiol contains phenolic groups. 

Although cannabidiol, like cannabinol, is physiologically inactive, 
the study of its structure and its reactions was most revealing. The 
results served to determine completely the structure of cannabinol and 
led to the formation of tetrahydrocannabinols, products of high mari- 
huana potency which are probably active principles in the red oil of 
hemp. 

The complicated and extensive chemical investigations on the struc- 
ture of cannabidiol, on the synthesis of cannabinol, and on the prepara- 
tion of tetrahydrocannabinol and synthetic analogs, will be presented 
in very brief form and only the more significant facts will be mentioned. 
The structure of cannabidiol'® will be considered first with the perti- 
nent reactions given in logical rather than chronological order. 

Typical color tests indicated a phenol group, and formation of bis- 
esters and ethers the probable presence of two such groups. Catalytic 
reduction resulted in the absorption of two moles of hydrogen with 
formation of a molecule which still retained the two phenolic groups, 
thus leading to the deduction that two aliphatic double bonds were 
present. Pyrolysis of cannabidiol with pyridine hydrochloride caused 
cleavage into p-cymene and olivetol (i,3-dihydro.xy-5-72-amylbenzene) 
both of which were identified by comparison with authentic samples. 
This is convincing evidence that cannabidiol is composed of dihydro- 
cymyl and olivetol residues. The positions of the linkage between these 
residues were determined next. Cannabidiol was first reduced to tetra- 
hydrocannabidiol and then oxidized; menthane carboxylic acid was iso- 
lated, identical with a specimen obtained by synthesis from 1-menthol, 


Camiabuliol and cannabinol are the only pure compounds related by structure to the active constitu- 
ents which have been isolated from hemp extracts. Claims have been made for the isolation of other 
cornjxiunds or their derivatives, but no detailed information is available and the results require con- 
nrmation.* ‘ 
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Dlesters, dlethers Tetrahydrooannabldlol 



High-rotating Canr.eblnol 


Chart II 

thus demonstrating that the attachment of the dihydrocymyl residue 
was adjacent to the isopropyl grouping. From a comparison of the 
absorption spectra of various amyl resorcinols and of cannabidiol and 
its reduction product, the dihydrocymyl was postulated as being at- 
tached to the olivetol between the hydroxyl groups. Direct chemical 
proof of this was accomplished by conversion of cannabidiol with acidic 
reagents to tetrahydrocannabinol which, upon dehydrogenation, gave 
cannabinol. Cannabinol was shown to contain the linkage between the 
hydroxyls by synthesis of this molecule by an unequivocal method. 

The structure of the cannabidiol molecule was thus established ex- 
cept for the orientation of the two aliphatic double bonds in the dihy- 
drocymyl residue. One of these proved to be terminal, since ozoniza- 
tion of cannabidiol gave formaldehyde. This information, along with 
the fact that tetrahydrocannabinol was produced from cannabidiol 
through closure of a pyran ring, left no doubt that this terminal double 
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bond must be present as an isopropenyl group. The location of the sec- 
ond double bond was determined only by indirect means. Since the 
arguments are rather involved, they will be omitted here and merel\' 
the positions assigned for the double bonds will be given. The tetrahy- 
drocannabinol obtained in the isomerization of cannabidiol, varied in ro- 
tation dependent on the reagent used. Apparently nvo forms e.xist which 
were isolated as lou'-rotating and high-rotating isomers. In the low- 
rotating tetrahydrocannabinol, which presumably has the double bond 
in the same position as in cannabidiol, the double bond was deduced 
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to be in the y, 8-position between the unsubstituted carbons; in the high- 
rotating isomer, the double' bond is probably substituted in the y,8- 
position which includes the ring carbon holding the methyl group. 

The establishment of olivetol as a cleavage product of cannabidiol 
revealed the probable orientation of the hydroxyl and 7/-amyl groups in 
cannabinol. This supposition was proven correct by the synthesis of can- 
nabinol by two different methods^^ as shown in Chart III. The syn- 
theses served also to prove that the position of the linkage of the two 
benzene rings is between the hydroxyl groups and thus confirmed a 
similar attachment of the rings in cannabidiol. 

2-Bromo-4-methylbenzoic acid and dihydroolivetol condensed in 
the presence of alkali and a copper salt to i-keto-3-7Z-amyl-9-methyl- 
i,2,3,4-tetrahydro-6-dibenzopyrone; dehydrogenation gave i-hydroxy- 
3-72-amyl-9-methyl-6-diben2opyrone which, with excess of methylmag- 
nesium iodide, gave cannabinol, (i-hydroxy-3-72-amyl-6,6,9-trimethyl- 
6-dibenzopyran) . An analogous condensation of 2-bromo-4-methylben- 
zoic acid with olivetol, followed by treatment with methylmagnesium 
iodide, gave the isomeric cannabinol with the linkage between an hy- 
droxyl and the 7z-amyl group. The second method consisted in conden- 
sation of ethyl 5-methylcyclohexanone-2-carboxylate with olivetol in 
the presence of phosphorous oxychloride to give i-hydroxy-3-?2-amyl- 
9-methyl-7,8,9,io-tetrahydro-6-dibenzopyrone. Dehydrogenation to the 
corresponding r-hydroxy-3-77-amyl-9-methyl-6-dibenzopyrone followed 
by treatment with methylmagnesium iodide gave cannabinol. 

The disappointment accompanying the discovery that cannabidiol 
had no marihuana activity was more than compensated by the observa- 
tion that both the low-rotating and high-rotating tetrahydrocannabinols 
possess very marked marihuana potency These two substances, which 
were high-boiling oils, have not yet been induced to crystallize. All at- 
tempts to isolate solid crystalline derivatives have failed. The isomeriza- 
tion of cannabidiol required intensive study before procedures were 
found which resulted in products of constant rotation. Apparently, with- 
out very specific conditions, mixtures of low- and high-rotating forms 
are obtained which cannot be converted readily to a product of maxi- 
mum rotation. Tetrahydrocannabinol of constant rotation [a]"^ d— 265 
can be produced conveniently from cannabidiol merely by heating the 
latter in benzene solution with a little toluene sulfonic acid- until the 
reaction mixture exhibits no alkaline Beam test. This product was the 
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principal one selected for pharmacological and clinical investigation. 

The acetates of these tetrahydrocannabinols also had marihuana 
potency though less than that of the unacetylated compounds. By cata- 
lytic reduction all of the tetrahydrocannabinols of varying optical ac- 
tivity gave a he.vahydrocannabinol of essentially the same optical ac- 
tivity. This product tv^as physiologically active though less so than any 
of the tetrahydrocannabinols from which it was derived. 

The typical marihuana activity manifested by the isomeric tetrahy- 
drocannabinols constitutes ponderable evidence that the activity of the 
plant itself, and of e.xtracts prepared therefrom, is due in large part to 
one or the other of these compounds, or both, and possibly also to their 
stereoisomers, of which a number are possible. Confirmation of this sup- 
position is available from an investigation by Wollner, Matchett, Levine 
and Loewe,^^ the results of which were published just recently. These 
authors have described the isolation from acetylated red oil of a tetra- 
hydrocannabinol acetate of potency greater than that of either of the 
tetrahydrocannabinols prepared by isomerization of cannabidiol. Parti- 
tion of the acetylated red oil was accomplished by selective adsorption. 
Silica gel removed cannabidiol diacetate and unknown material from a 
benzene solution of the mixture-, alumina adsorbed substances of lower 
rotation by two passages, first in carbon tetrachloride, then in pentane 
solution. The product was judged to be stereochemically homogeneous 
by failure to effect further separation through selective adsorption or 
by careful fractional distillation in a specially designed hiigh-vacuum 
fractionating column. Hydrolysis of the acetate yielded a tetrahydro- 
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cannabinol whose structure was identified through analysis and dehy- 
drogenation to cannabinol. Its potency was similar to the products pre- 
pared by isomerization of cannabidiol. It would appear that rearrange- 
ment occurred during hydrolysis, since reacetylation failed to restore 
either the optical rotation or physiological potency to the original value. 

With the discovery of the character of substances which possess 
marihuana activity, attention was directed next to attempts to synthesize 
compounds of similar activity. A very satisfactory procedure was de- 
vised for obtaining an isomer of the natural tetrahydrocannabinol with 
the double bond conjugated to the benzene ring. It consisted in the 
condensation of ethyl 5-methylcyclohexanone-2-carboxylate with olive- 
tol to give i-hydroxy-3-?2-amyl-9-methyl-7,8,9,io-tetrahydro-6-diben- 
zopyrone which, with excess methylmagnesium iodide, yielded 1 -hy- 
droxy-3 -?2-amyl-6, 6,9-trimethyl-7, 8,9, 10- tetrahydro-6-dibenzopyran.“ 

The product proved to have marihuana activity though only about one- 
tenth that of its isomer, natural tetrahydrocannabinol. A series of sev- 
eral closely related synthetic compounds was then prepared by the same 
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C,II,a; the reduction jrroduct of each was also synthesized. 


procedure using the same keto ester but homologs of oltvetold’’ All of 
these products were reduced to the corresponding hexahydro com- 
pounds.'® The synthetic tetrahydrocannabinol was also modified by re- 
placing the 6-methyl groups by ethyl and propyl groups. (Chart V.) 

A provisional synthesis designed to obtain an optically active tetra- 
hydrocannabinol was sought in the condensation of pulegone and olive- 
tol.'” '® In the presence of phosphorous oxychloride, a product which 
analyzes for, and has the properties of tetrahydrocannabinol is formed. 
A possible mechanism by winch such a reaction might take place is 
shown in Chart VI. The purity of the final product is by no means 
established. There is a possibility of contaminants formed by conden- 
.s.itit)n of the two reactants to gi%*e a partially hydrogenated .xanthane 
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R = H. C*H9 
Chart VII 


or a tetrahydrodibenzofuran, isomeric with tetrahydrocannabinol, Ho- 
mologs in which the olivetol portion was substituted by other 1,3-dihy- 
droxy-5-alkylbenzenes were synthesized.^" The reduction product of 
each was prepared. 

Finally in Chart VII are shown molecules in which the left-hand 
ring has been modified by removal or by change in the position of the 
methyl group.^' 

The pharmacological studies on hemp extracts have been equally as 
meager as the chemical investigations and in the long history of Ccmm- 
bis preparations only three tests have been reported. Liataud^® in 1844 
observed that motor incoordination in the dog was a characteristic ef- 
fect induced by marihuana preparations; FraenkeF" in 1903 interpreted 
this incoordination as a cataleptic condition. This was followed in 1928 
by the observations of Gayer^^ that in various animals such as cats, 
rabbits, or dogs, intravenous injection of marihuana preparations in 
acetone solution induced corneal anesthesia which was characteristic 
of active fractions of the resin. In 1937, Munch and Mantz*" reported 
no unequivocal effects when Cannabh preparations were administered 
to albino mice. On the other hand, Loewe-® noted a definite increased 
depressant action when treated mice were given a hypnotic of the bar- 
biturate series. Pernocton, butyl-bromoallyl barbituric acid, gave the 
greatest enhancement of any of the drugs tested. 

The Gayer corneal anesthesia test was developed further by Marx 
and Eckhardr^ but neither these investigators nor Gayer himself went 
further than to designate that the corneal reflex was normal or abnor- 
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mal. The comeal response was ascertained by tapping with von Frey 
hairs. Walton‘S took steps in a quantitative direction by counting the 
number of responses occasioned by tapping the cornea a given number 
of times and by plotting the results over the whole duration of the ef- 
feet. By thus locating a definite maximum in the areflexia-versus-time 
curve of each e.xperimenr, quantitative comparisons were made possible 
by determining the ratios of doses producing equal maxima in different 
animals. Loewe-® developed this procedure further by application of his 
method of “Bioassay by Approximation” to overcome as far as possible 
the large intra-individual and the large group variabilities which seem 
to be inherent in the reaction of all types of animals to marihuana 
preparatioas. His study of the Gayer test applied to the behavior of 
rabbits as test animals showed not only great inter-individual variations 
in sensitivity but also enormous intra-individual variations in the same 
animal. Using the same animal repeatedly, this investigator found a con- 
sistent decrease in sensitivity to one and the same dose. Therefore, even 
though the method of approximation was applied, the values of potency 
obtained by this method are not suitable for anything but qualitative 
purposes. Moreover, they do not parallel the dog-ataxia potencies of the 
same preparations, the divergence sometimes being tenfold. This indi- 
cates either that the Gayer test is not conclusive for quantitative meas- 
urements or else that an active principle other than that disclosed by the 
dog-ataxia test is present in red oil. 

The “mouse sleep prolongation test” may be dismissed with merely 
a brief discussion. The Cmnabis preparations, usually red oil, were ad- 
ministered by stomach tube. After a definite time, pernocton was in- 
jected intravenously at a level just above the threshold of hypnotic ac- 
tion. The synergistic effect of the Cminabh was measured by the period 
of suppression of the righting reflex averaged over all the animals of a 
single-dose group. This effect, though typical of red oil, could not be 
duplicated with the natural or synthetic tetrahydrocannabinols which 
had been shown definitely to have physiological activity in man. Pure 
cannabidiol, which is devoid of the marihuana effect upon man, showed 
the highest potency in this test and consequently the action from the 
red oil probably is due to its cannabidiol content. 

The determmation of the cataleptic condition in dogs reported by 
Fraenkel, as accepted in former editions of the United States Pharma- 
copoeia for bioassay of Cannabis extracts, was developed further by 
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Walton-"’’ to attempt to make the effect the basis of a quantitative test. 
Six arbitrary stages of intensity of effects were recognized; first a slight 
depression; second, a barely detectable ataxia; third, an obvious ataxia; 
fourth, a marked ataxia in which the animal frequently pitches forward 
and barely catches itself; fifth, inability to stand alone; sixth, inability 
to rise and plunge about. The ataxia is chiefly a static one and is man- 
ifested particularly by swaying movements. Intravenous doses of red 
oil dissolved in acetone always acted within half an hour. A similar in- 
tensity of effect by oral administration required five to seven times the 
dose. Walton employed for evaluating potency the procedure used in 
most bioassay methods, the comparison of test and standard doses of 
equal intensity of effect. By comparing the results at various levels of 
dosage and by repeating the procedure a considerable number of times, 
he obtained more accurate results than had hitherto been reported. 
About eight trials with the unknown on the same dog, calibrated in 
about six trials with the standard, were used. A single assay required 
about three weeks or more for completion. 

Loewe applied his principle of “Bioassay by Approximation” to the 
ataxia test and has thus been able to obtain a more decisive method for 
comparison of active products. The procedure aims at obtaining from 
each one of an adequate number of calibrated dogs, several figures of 
comparison of a test dose with the calibration doses. These figures rep- 
resent ratios of doses, the response to which is not quantitatively the 
same. They are used to approximate the true potency value from both 
sides. At the same time the degree of overlapping marks the range of 
variation and gives an idea of the inherent inaccuracy. An entire assay 
may in this way be performed in a single day and highly consistent re- 
sults may be obtained. The maximum order of accuracy is lo per cent 
since this is the minimum of variation in the response of the same animal 
at different times. Since parallelism between the results of the dog- 
ataxia tests and the effects of the different preparations on humans has 
been established, it may be concluded that the ataxia method as devel- 
oped by Loewe represents a reliable index of potency. 

Using this procedure as just outlined, the comparison of results on 
the various natural and synthetic products will be presented in charts. 
Each value given represents the result obtained by the use of several 
dogs; three or four in the case of low potency materials, ten to twenty 
or more for substances of higher potency. 
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Tetrahydrocannabinol [aJ-'D 
- 265 ° 7.3 ± 0.89 
-260“ 7.8 ± .78 
-240“ 7.6 ± 1.1 
-165“ 9.3 ±2.9 
-160“ 8.23 ±2.17 
-126“ 6.5 ±0.65 
Hexahydrocannabinol 
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Parke, Davis and Company 
Fluid Extract 0.060 

American Fluid Extracts 
thirty to forty different 
samples varied in 
potency .003-0.130 

majority varied .019- .052 

Purified red oil 1.24 

Highly purified red oil 

(JIatchett) 4.33 


In Chart VIII is shown a comparison of the potencies of the series 
of products analogous to synthetic tetrahydrocannabinol. The latter 
was adopted as a standard. The corresponding he.x'ahydro derivatives 
were also tested. It is observed that the modification of the alkyl group 
results in a gradual increase in activity with increase in size until a maxi- 
mum is reached at the w-hexyl derivative. The point of maximum po- 
tency is the same in the hexahydro compounds, though all, with the 
exception of the 72-hexyl, exhibit a decreased effect. There is also pre- 
sented the potencies of tetrahydrocannabinols of different optical rota- 
tions all derived from cannabidiol, the potency of an average purified 
red oil and of a highly active portion of red oil obtained from it by 
extraordinarily careful fractionation. The increased activity of the op- 
tically active natural tetrahydrocannabinols is strilcing. The commercial 
cannabis fluid extracts are of very low and variable potency. 

In Chart IX, the potency of products of questionable purity produced 
from pulegone and various olivetol homologs, together with their hy- 
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drogenated derivatives are shown. The maximum potency appears in 
the 7 i-octyl molecule, and the values for the 7 z-heptyl and 72-octyl de- 
rivatives exceed those of the corresponding products synthesized by an 
unequivocal procedure. 

Finally in Chart X, the activities of other analogs are shown. Each 
has an activity less than that of the molecule possessing methyl groups 
in the <5,6, 9-positions. 

Recognizing that the indulgence in marihuana in New York City 
has constituted a growing problem of major consequence involving psy- 
chiatric, medical, legal, sociological and civic aspects, a clinical study 
was undertaken by a committee appointed by Mayor LaGuardia and 
supported by funds allotted by several foundations. The primary ob- 
jectives were the determination of the mental and physical actions of 
marihuana on the kind of person resorting to its use and the consequent 
social implications. Dr. Samuel Allentuck directed the clinical studies in 
a unit of the Welfare Island Hospital and the facts I am presenting have 
been summarized from his report on the results. 

An orientation group, the members of which were subjected to nu- 
merous and varied procedures, was used to determine precisely which 
tests would best lend themselves to the solution of the specific problems. 
From the results a program was established which consisted in a syste- 
matic study of a group of seventy-seven subjects ranging in age from 
21 to 45 years and from borderline to superior in intelligence, all of 
them voluntary recruits from one prison population. About half had 
used marihuana previously. After a physical, neurological, and psy- 
chiatric examination, they were placed in one or more of five categories 
as to personality types— normal, antisocial, autistic, cyclothymic and 
epileptic. Each individual before and during the period of action of 
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marihuana was interviewed at regular intervals throughout the day by 
various members of the staff. Possible subjective and objective phe- 
nomena resulting from use of the drug were discussed and elaborated 
upon in detail. Introspective reports were obtained in the absence of 
the drug, under pseudo-stimulation with placebos and during intoxica- 
tion with marihuana or allied synthetics; analysis of the data was based 
on the most frequently mentioned phenomena. The patients were also 
subjected to periodic tests for blood pressure or pulse changes, pupil- 
lary changes, urinalyses, blood chemistries, hematological surveys, basal 
metabolic rates, electrocardiograms, arterial and venous pressure tracings 
and vital capacities. In addition, psychological examinations before and 
during the intoxication periods were carried out, including a wide va- 
riety of psychophysical, psychomotor and clinical tests. 

The marihuana was supplied in the form of a fluid concentrate which 
w^as desolvated and administered in the form of pills. Pure tetrahydro- 
cannabinol was diluted with a little olive oil and placed in gelatin cap- 
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sules, holding 15 mg. of drug, the equivalent in physiological potency 
to one pill containing 300 mg. of crude solids from hemp. The i-hy- 
droxy-3-?2-amyl-6,6,9-trimethyl-7,8,9,io-tetrahydro-6-dibenzopyran and 
its 3-?z-hexyl homolog were administered in a similar manner using the 
equivalent doses which produced similar activity, namely, 120 mg. per 
capsule of the former and 60 mg. per capsule of the latter. It is signifi- 
cant that these relative amounts are practically identical with those ob- 
served by Loewe for obtaining identical effects in dog-ataxia tests. 

The patients were started on two marihuana pills or on equated 
doses of tetrahydrocannabinol or the two synthetic analogs. The dose 
was increased by two pills at a time at intervals of two days unless toxic 
symptoms supervened. At the appearance of toxicity, the patient was 
returned to the physiological dose and this was increased one pill at a 
time. Thus the maximum tolerated dose for each individual was deter- 
mined and at the same time approximately the threshold at which psy- 
chotic changes first appeared. Tetrahydrocannabinol and the synthetic 
compounds dissolved in olive oil were in some cases administered by 
intramuscular injection. Other clinical tests were made which involved 
intoxication from smoking marihuana cigarettes. 

Barbiturates, cold showers and sweet candies were found to be effi- 
cacious in ameliorating any alarming physical or psychotic symptoms 
which developed following marihuana overdosage. 

The detailed results of this carefully planned and executed clinical 
investigation, the first of its kind on record, must be left to the complete 
report when it is published. Merely the more significant findings which 
may prove of maximum value will be presented here. The crude drug 
in the form of concentrated marihuana extract, tetrahydrocannabinol 
derived from cannabidiol, and the two purely synthetic compounds, i- 

hydroxy-3-72-amyl-6,6,9-trimethyl-7,8,9,io-tetrahydro-6-dibenzopyran 

and the corresponding ^-n-hexyl derivative elicited similar clinical and 
psychiatric phenomena upon the same subjects. The pharmacological 
action of these drugs somewhat resembles atropine and the psychiatric 
portrait, alcohol. The effects of marihuana do not vary qualitatively with 
the route of administration, whether ingested, injected or inhaled. By 
inhalation, however, they are more prompt in their appearance and dis- 
appearance; by ingestion they appear within one-half to one and one- 
half hours, reach their maximum in from three and one-half to five 
hours and disappear within seven hours. 
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The observed physical effects, one or more of which occur in 
each patient, are (a) elevation of the pulse rate, the increase being di- 
rectly proportionate to the degree of intoxication; (b) elevation of the 
blood pressure; this varies with the individual and usually rises in direct 
proportion to the pulse; (c) injection of the conjunctival blood vessels 
which varies with the dose; (d) dilation of the pupils and sluggish reac- 
tion to light and in accommodation; vision for proximity, distance and 
color changes slightly; (e) circum oral tremors; tremulousness of the 
protruded tongue and the extremities; (f) dryness of the oral and 
pharyngeal mucous membranes; (g) increased frequency with decreased 
amplitude of thoracic respiratory movements; (h) ataxia; (i) hyperre- 
flexia. The observed psychiatric effects are (a) apprehension and anxi- 
ety, (b) euphoria, (c) loquaciousness, (d) lowering of inhibitions, (e) 
hunger and thirst, (f) feeling of being “high,” (g) uncontrollable bursts 
of laughter or giggles, (h) drowsiness, languor, lassitude and a pleasant 
feeling of fatigue. 

Clinical tests revealed that marihuana produces no significant changes 
in basal metabolic rates, blood chemistry, hematological picture, liver 
function, kidney function or cardiac electrical conduction. Marihuana 
delays somewhat gastric and intestinal motility as gauged by the Carl- 
son apparatus and x-ray studies; it produces definite increase in the fre- 
quency of the alpha wave in electroencephalographic recordings thus 
indicating increased relaxation. 

Other observations of a more general character were recorded. Tol- 
erance for marihuana may be produced by repeated administration of 
subtoxic doses over a prolonged period of time. Thus the same dose 
elicited progressively fewer and milder symptoms. Marihuana is unlilce 
opium derivatives in that it does not give rise to a biological dependence 
accompanied by withdrawal symptoms. Neither does it establish a strong 
craving as exists in tobacco smoking- or in alcoholic indulgence. Follow- 
up of the subjects has failed to establish existence of any craving for 
the product. Many of the unpleasant physical symptoms previously 
mentioned appear only as a result of the administration of excessive doses 
of drug. It is no more of an aphrodisiac than alcohol. 

Since all the clinical, experiments at Welfare Island were conducted 
on volunteer prisoners, it was desirable for completeness or perhaps to 
satisfy my curiosity to obtain some results on subjects in another social 
class. As a consequence, I have conducted a dozen or more experiments 
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using as test individuals chemists among whom were two members of 
the National Academy of Sciences and two high-ranking and very suc- 
ce^ful industrial chemists. In all cases very small doses, 15 mg. or 30 
mg. of tetrahydrocannabinol, were administered about one hour before 
dinner. Each individual reacted differently with the possible exception 
of the observed stimulation of the appetite. They all recognized an in- 
toxication which they described as in general like, but in detail different 
from that induced by alcohol. Thus, one industrial chemist who shows 
no outward change' under the influence of alcohol, reported essentially 
no effect from 1 5 mg. except a mild stimulation of his desire for food. 
A 30 mg.-dose, however, to this same individual had a pronounced ef- 
fect. Though he noticed no particular craving for food before dinner, 
as soon as he started eating he became particularly hungry and con- 
sumed a very large meal. He felt intoxicated and dissociated from his 
normal self, had a feeling of heaviness in his head and legs and reported 
a fogginess which he described as the inability to focus his eyes on more 
than a single object at a time. Since this man desired to get the effect 
of distorted time and space which is recorded as a frequent phenomenon 
associated with the marihuana user, he tried it a third time, taking 45 
mg. The result was a ravenous hunger which was not satisfied after 
eating the equivalent of two hearty meals. A marked hypergeusia was 
also no.ted. The same fogginess appeared and heaviness in head and legs. 
During the conversation which took place among his five associates at 
the dinner table, he was able to comprehend a question but by the time 
the answer was given, which was immediately, he couldn’t remember 
the question. In spite of the into.xication with the resulting phenomena, 
this subject had no difficulty in holding his own and then some in a 
poker game composed of e.xpert players, 

A second industrialist took 15 mg. at 5:00 o’clock in the afternoon 
and felt the first effects about 6:30 when he lost coordination in his 
fingers to the extent that he had to stop playing the violin, which he 
was doing at the time. Shortly thereafter he developed a tremendous 
appetite which was, if anything, sharpened by eating an enormous din- 
ner and popcorn all through the evening. He had a mild lift about like 
a cocktail or two on an empty stomach and this and the hunger left 
about 11:00 o’clock. 

A chemistry professor who took 30 mg. had a mildly increased ap- 
petite and reported feeling a bit fuzzy during his dinner, which resulted 
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in difficulty in comprehending what his associates were saying. This 
was followed by sleepiness and lassitude until the effects of the drug 
disappeared two hours afterwards. The stimulation was only slight, 
which paralleled the effect of alcohol upon tliis man. 

A fourth subject of high standing in university circles wrote me in 
detail concerning his experience. I am quoting from his letter received 
two days after the experiment. 

“This is to report to you on the outcome of my trip conducted 
under the powerful guidance of the marihuana drops. I would be inter- 
ested some time to know just how much of what specific material you 
gave me, but there is no question but that it gave me a most terrific 
wallop. In brief: 

“5:20 p.M. Took two capsules, went for short swim, had a highball 
and began to feel something beyond the mild glow from the drink about 
d: 15. By 6:30 felt bouncy in the knees, a little gay and foolish. 

“6:00-8:30 p.M. Very much in the fog. Had alternate waves of 
hilarity and depression. Sat in smoking compartment looking at myself 
in the mirror, writing notes on the experiment, and feeling very silly 
and stupid. Would feel the onset of a surge of hilarity and then break 
into a raucous, rippling laugh. This gayety was not particularly pleas- 
ant, however, for throughout I felt wholly dissociated from myself, 
knew that I was at the mercy of the drug, and greatly resented this lack 
of control. The feeling was very different from that of being at one 
or another stage of intoxication, for I looked perfectly clear and normal 
and I could stand erect without swaying and execute motions with 
considerable precision. I could not, to my annoyance and as I was well 
aware, speak or write or think coherently. This bothered me particu- 
larly in the waves of depression, when my lips would feel very parched 
and salty and I would long to break the spell and regain my own con- 
sciousness. A very pressing and persistent sensation was that of extreme 
hunger, but I had sense enough to wait until the laughing spells were 
under control before going into the diner. 

“Here are a few excerpts from the log: ‘7:20. Not so good; for a 
few minutes I sat and looked at myself in a silly way. . . . This is 7ne. 
again. I very suddenly snapped out of it and am struggling back to 

normal. Lips are very dry. Maybe I’m not quite out of it The above 

is true. I am writing here in a serious vein— but quick, I must write that 
a minute or two ago I was sitting here in the men’s lounge giggling at 
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myself in the mirror and saying; This stuff does make you feel pretty 
gay (gay in the neese). Isn’t that the damndest thing? [I knew the 
spelling was wrong but couldn’t right it.] ... 7:42. Yes, snapping out 
again. I just had a most jubilant laugh and feel another coming along. 
7:45, not feeling laughy, feel like hell. This is really awful stuff. . . . 
8:03 , 1 feel like a fool. Lips bad. Want water, but I am terribly hungry 
and wish the experiment were over. I am thinking very much of eating, 
for I am very hungry. . . . 8:09. Nearly came out of it. It is awful. 
Helpless, awful feeling. Over, over, when wiU it be over? When can I 
eat? ... 8: 13. A fellow just came in to shave. Why now? Why not at 

this time of the evening EAT ha, ha. Now I have been silly. Looked 

silly. ... ha, ha. Of all places to have this— the train. Bad, bad. Oh I 
feel like hell, salty lips . . .’ 

“At 8:30 I devoured an enormous steak dinner with great rapidity 
and thoroughness, and left no trace of any of the fixings, even though I 
ordinarily do not eat ripe olives or salad, and although ordinary deli- 
cacy would keep me somewhat below the ten crackers I had with my 
cheese. The food tasted no better or worse than usual, and I had a dis- 
sociated feeling that my mouth was a purely mechanical guide for all 
that came its way, and wondered if mine was not very much the same 
as the ‘appetite’ of a cat. 

“At 9:00 I felt myself coming out of the spell, and again at 9:15 
I felt sane for a minute or two. A little later the sane periods began to 
predominate, and by 10 p.m. I was back again in control and could sit 
down and \vrite out the details of a new natural product synthesis. 

“Thus ended the trip. I didn’t sleep too well or too poorly, and the 
next morning I felt O.K. and had no hang-over. 

“It was an interesting experiment, but I can’t write too enthusiastic 
an endorsement for this drug you fellows are synthesizing. The feeling 
of well-being would not, in my estimation, equal that from about three 
highballs, and the penalty seemed to me to be pretty severe. The out- 
standing impressions were the feeling of detachment from myself and 
the extreme hunger. Are these both associated with the same part of 
the molecule? If nor, you might hydrogenate out some of the bad 
effects and thereby obtain a wonderful aperitif.” 

After the Welfare Island study of every phase of the action of mari- 
huana and the synthetic drugs and after finding no discernible evidence 
of any permanent deleterious effects, either mental or physical, Dr. Al- 
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lentuck considered the question of the possible therapeutic value of 
these substances. The potential availability of pure synthetics of stand- 
ard potency invites such a study, for hitherto merely hemp extracts 
were accessible, the clinical activity of which must be determined for 
each batch of extracted material. Since the outstanding manifestation 
of the marihuana action is the euphoria which makes its user feel “high,” 
consideration was given to its possible employment as a drug for indi- 
viduals in various stages of mental depression as cyclothymics, involu- 
tionals, reactives, or those with organic conditions in which dysphoria 
is a dominant factor. The invariable characteristic of the drugs to stim- 
ulate the appetite, suggests they might be applicable in psychoneurosis 
in which a lack of desire for food exists. Many subjects show an alco- 
hol-like picture of intoxication following the use of marihuana. The 
idea of using these drugs in the treatment of chronic alcoholic addiction 


was considered and preliminary experiments by Dr. AUentuck on pri- 
vate patients and colleagues were sufficiently encouraging to merit in- 
vestigation on a larger scale and over a longer period of time. 

The euphoria produced by marihuana is in many ways comparable 
to that achieved by the use of opium derivatives. This suggested the 
possibility of use in the treatment of opiate derivative addictions to elim- 
inate or ameliorate the withdrawal symptoms commonly e.xperienced 
during previously attempted so-called “cures.” To clarify this question 
Dr. AUentuck selected a series of cases among drug addicts undergoing 
treatment. One group of thirteen received 15 mg. of tetrahydrocan- 
nabinol orally three times daily at 5:00 a.m., 2:00 p.m. and 10:00 p.m. 
and a sterile hypodermic injection; another group of fourteen received 
the same treatment without the sterile injection. Subjective and ob- 
jective findings were recorded. In general the consensus of subjective 
opinions favored the new treatment as compared to previous cures and 
the established routine taken by some of these patients. They felt hap- 
pier, had a better appetite and wanted to return to activity sooner. 
These results served as a basis for further study of fifty cases in which 
quantitative criteria were employed. 


Two groups of twenty subjects were selected, one group receiving 
the tetrahydrocannabinol treatment up to a maximum of ten days and 
the others receiving none. Members of each group were observed 
throughout the day. Each morning they were interviewed and any 
complaints recorded on a chart. Thus an attempt was made to arrive 
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;it a quantitative comparison of the withdrawal symptoms. It was found 
that the tetrahydrocannabinol treatment was useful in alleviation or 
elimination of withdrawal symptoms and in diminishing or eliminating 
the accompanying discomfort which follows cessation of narcotic in- 
dulgence. Any withdrawal symptoms under the tetrahydrocannabinol 
treatment were of a mild character and occurred within the first three 
or four days following which the patients began to feel much better. 
The chief complaints were restlessness, headache and dryness of the 
throat. They had an increased appetite and desire for. food which 
diminished or eliminated such withdrawal symptoms as nausea, diarrhea 
and perspiration. They felt physically stronger and showed psychomo- 
tor activity. The feeling of euphoria produced by the tetrahydrocanna- 
binol helped in rehabilitating the physical condition and in facilitating 
social reorientation. An outstanding result is a subjective feeling of 
relaxation. The sleep induced by the drug likewise contributes to the 
general improvement in the patients’ health. These results are in con- 
trast to those from the use of Magendie’s solution which produces in 
the patients contentment for the first three or four days, after which 
signs of marked discomfort or withdrawal effects appear. The patients 
after this treatment, upon their discharge were shaky and generally in 
poor physical condition. These preliminary results with tetrahydro- 
cannabinol justify a more exhaustive study of its possibilities as a means 
of relieving the withdrau'al symptoms in narcotic addicts. 

With this brief picture of the results of the cooperative program 
before you, I may conclude by adding a few remarks about what may 
be expected from a continuation of the investigations under way. In 
the chemical field, repeated attempts to synthesize a tetrahydrocanna- 
• binol with a double bond in the y, S-position have failed. Just recently, 
however, a new approach has appeared and the results have progressed 
to the point u'here I am convinced it is merely a matter of time before 
the goal is reached. The physiological reaction of this product will 
allow a conclusion in regard to the relative importance of the position 
of the double bond in the alicyclic ring and of the optical activity in the 
tetrahydrocannabinol molecule. Other synthetic molecules of a similar 
character, which are soluble in aqueous acids or bases and, therefore, 
perhaps suitable for intravenous injection, are being prepared. It is 
hoped also to clarify the significant groups and their orientation which 
induce marihuana activit}^ Thorough investigation of the constituents 


Marihuana 


729 


in red oil is necessary to complete the understanding of hemp extracts. 

In pharmacology, there is still much to be done in cooperation with 
the chemist to elucidate in more detail relationship between activity and 
molecular structure. AVith pure chemical substances of marihuana 
activity, it will now be possible to determine experimentally what ac- 
tions are exerted upon body functions other than those which have 
hitherto attracted attention. The relationship between the mechanism 
of ataxia action in the dog and the psychic action in man should be 
clarified. Ic has not yet been established that the structural differences 
between the various marihuana-active substances do not result in a rela- 
tive prevalence toward ataxia effectiveness by some, psychic effective- 
ness by others. 

In the clinical field, the practical application of these substances must 
be awaited with the usual necessary patience. The initial experiments 
of Dr. Allentuck make it appear likely that some use of this interesting 
drug or its synthetic equivalents will be discovered. 

In all phases of this work just completed, the groundwork has been 
laid so that a wider interest should ensue, and significant contributions 
may be anticipated in the chemistry, pharmacology and clinical aspects 
of this class of substances. 


REFERENCES 


1. Brotteaux, P. Hachich; herbe de folie 
et de reve. Paris, lOS-l. 

2. Blatt, A. H. A critical survey of the 
literature dealing with the chemical 
constituents of Cannabis sativa, J. 
Washington Acad. Sc., 1938, ^S;465. 

3. Beam, W. A test for hashish, Wellcome 
Trap. Research Lab. Report,19ll,4R "25. 

•I. Wollner, H. J., IMatchett, J. R., Levine, 
J. and Valaer, P. Report of the mari- 
huana investigation, J. Am. Pharm. A., 
1938, 37:29. 

Matchett, J. R., Levine, J., Benjamin, 
L., Robinson, B. B. and Pope, O. A. 
Marihuana investigations, ibid., 1940, 
29:399. 

Robinson, B. B. and Matchett, J. R. 
Jlarihuana investigations, ibid., 1940, 
39. -US. 

5. Wood, T. B., Spivey, T. N. and 
Easterlield, T. H. Charas; the resin of 
Indian hemp, J. Client. Soc., 1896, 69: 


539; and Cannabinol, ibid., 1899, 75:20. 
6.' Calm, R. S. Cannabis indica resin, L. 
Chem. Soc., 1930 :286 ;1931 :630 ;1932 :1342 ; 
1933:1400. 

V. Adams, R., Hunt, M. and Clark, J. H. 
Structure of cannabidiol, a product iso- 
lated from the marihuana extract of 
Minnesota wild hemp, J. Am. Chem. 
Soc., 1940, 63:196. 

S. .Vdams, R., Pease, D. C. and Clark, J. 
H. Isolation of cannabinol, cannabidiol 
and quebrachitol from red oil of Minne- 
sota wild hemp, J. Am. Chem. Soc., 
1910, 63:2191. 

9. Jacob, A. and Todd, A. R. Cannabidiol 
and cannabol, constituents of Cannabis 
indica resin. Nature, 1940, 7.^5:350. 
Haagen-Smit et al. A physiologically 
active principle from Cannabis sativa 
(marilmana). Science, 1940, 97:602. 
Powell, G., Salmon, M., Bembry, T. H., 
and Walton, R. P. The active principle 


730 


THE BULLETIN 


of marihuanaj ibid., 19tl, 93:522. 

10. Adams, R. et al. Structure of canna- 
bidiol, J. Am. Chem. Soc., 1940, 6^:196; 
732; 735; 1770; 2215; 2402; 2566; 1941, 
63 .-2209. 

Jacob, A. and Todd, A. R. Isolation of 
cannabidiol from Egyptian hashish, J. 
Chem. Soc., 1940, 7:649. 

11. Adams, R. et al. Structure of canna- 
binol, J. Am. Chem. Soc., 1940, 63:2197 ; 
2201; 2204 ; 2208; 2401. 

Bergel, F., Todd, A. R. and Work, T. S. 
Observations on the active principles of 
Cannabis indica resin, Chem. c^- hid., 
1938, 76:86. 

Work, T. S., Bergel, F. and Todd, A. R. 
The active principle of Cannabis indica 
resin, Biochem. J., 1939, 33:123. 

Todd, A. R. et ul. Cannabis indica, J. 
Chem. Soc., 1940:649;1118;1393;1941.T37. 
Powell, G. and Bembry, T. H. Syn- 
thesis of cannabinol, J. Am. Chem. Soc., 
1940, 63:2568. 

12. Adams, R. et al. Conversion of canna- 
bidiol to a product with marihuana ac- 
tivity, J. Am. Chem. Soc., 1940, 
63:?245; 2402; 2566; 1941, 63:2209. 
Russell, P. B. et al. Cannabis indica; 
the relation between chemical constitu- 
tion and hashish activity, J. Chem. Soc., 
1941 .T69. 

13. Wollner, H. J., Matchett, J. R., Levine, 
J. and Loewe, S. Isolation of a physio- 
logically active tetrahydrocannabinol 
from Cannabis sativa re.sin, J. Am. 
Chem. Soc., 1942, 6J:26. 

14. Adams, R. and Baker, B. R. Struc- 
ture of cannabidiol; a method of syn- 
thesis of a tetrahydrocannabinol which 
possesses marihuana activity, J. Am. 
Chem. Soc., 1940, 63:2405. 

Todd, A. R. et al. Cannabis indica, J. 
Chem. Soc., 1942.T121;1941:137;169. 

15. Adams, R., Loewe, S., Jelinek, C. and 
Wolff, H. Tetracannabinol homologs 
■with marihuana activity, J. Am. Chem. 
Soc.. 1941, 63:1971. 

1(). .Vdams, R., Loewe, S., Smith, C. M. and 
McPhee, W. D. Tetrahydrocannabinol 
homologs and analogs with marihuana 
actii-ity, J. Am. Chem. Soc., 1942, 


6J:694. 

17. Adams, R., Smith, C. M. and Loewe, 
S. Tetrahydrocannabinol homologs and 
analogs with marihuana activity, J. Am. 
Chem. Soc., 1941, 63:1973. 

Bembry, T. PI. and Powell, G. Com- 
pounds of the cannabinol type; syn- 
thesis of some compounds related to 
tetrahydrocannabinol, ibid., 1941, 63: 
2766. 

18. Ghosh, R., Todd, A. R. and Wright, D. 
C. Cannabis indica; a new synthesis 
of cannabinol and of a product of hash- 
ish activity, J. Chem. Soc., 1941:137. 

19. Liataud. Memoire sur I’histoire natur- 
elle et les propridtds mddicales dii 
chanvre indien, Compt. rend, Acad. d. 
xc., iai4, 73:149. 

20. Fraenkel, S. Chemie und Pharmako- 
logie des Haschisch, Arch. f. exper. 
Path. u. Pharm., 1903, .^:266. 

21. Gayer, H. Pharmakologische Wertbes- 
timmung von orientalischem Plaschisch 
und Herba cannabis indica. Arch, f, 
exper. Path. u. Pharm., 1928, 739:312. 

22. Munch, J. C. and Mantz, PI. W. Penn- 
sylvania Pharmacist, July, 1937. 

23. Loewe, S. Synergism of Cannaliis' and 
butyl-bromallyl-barbituric acid, J. Am. 
Pharm. A., 1940, 39:162. 

24. Marx, H. and Eckhardt, G. Tierex- 
perimentelle Untersuchungen iiber die 
Wirkung des Plaschisch, Arch. f. exper. 
Path. u. Pharm., 1933, 770:395. 

2.5. Walton, R. P., Martin, L. F. and 
Keller, J. H. Relative activity of vari- 
ous purified products obtained from 
American grown hashish, J. Pharmacol. 
< 5 - Exper. Therap., 1938, 63:239. 

26. Loewe, S. Principle of “bioassay by 
approximation” and its application to 
the assay of marihuana (dog) iind lax- 
atives (monkey), J. Pharmacol, 
per. Therap., 1939, 66:23, and Bioassay 
of laxatives on monkeys (rhe.sus) and on 
lower mammalians, J. Am. Pharm. A., 
1939, 35:427. 

Matchett, J. R. and Loewe, S- On the 
preparation of an extract having “mari- 
huana-like” activity from the fruits of 
Cannabis .sativa, ibid., 1941, 30:1.30. 



LYMPHATIC PARTICIPATION IN 
CUTANEOUS PHENOMENA 


Philip D. McMaster 
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Harvey Lecture, April i6, 


pSHSHSHSasHSE'aiRcuLATiNG blood does not come into actual contact with 
ra a the cells which it nourishes. Instead fluids escape from 

a g the blood vessels and, after passing among the cells, re- 

re S turn to the blood in part directly, in part after entering 

gasasasasisa^ a vast system of collecting channels, the lymphatic sys- 
tem. How the fluid moves through the tissues or enters the lymphatics 
no one knows, but once within these vessels, the lymph, as it is now 
called, is sieved through the lymph nodes before it is poured back into 
the blood. 


Far too long have the lymphatics been looked upon as a system of 
passive channels so constituted that fluid from the tissues merely seeps 
into them and drains away. 

It is my purpose to present a wholly different conception: to draw 
your attention to some active functions of the lymphatic vessels of 
human and of animal skin. We shall not discuss the physiology of the 
lymphatic system as a whole, for our chief effort will be spent on the 
exposition of certain facts recently acquired and not generally appre- 
ciated, which show that cutaneous lymphatics in sickness and in health 
are most active not only in the everyday affairs of the skin but in the 
processes of immunity and in the defense of the body against infection. 

The functions of the lymphatic system have remained largely un- 
known. Two influences have contributed to our state of ignorance, a 
lack of suitable methods of study, for the smaller vessels collecting the 
lymph are so thin-walled as to be invisible during life when examined 
by the usual techniques, and a lack of interest. The lymphatics were 
seen by the ancients, but were promptly forgotten and largely through 
indifl^erence were ignored for nearly two thousand years. Then, in 1622, 
Aselli made his dramatic rediscovery of the lymphatics.^ He had just 
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commenced a vivisection upon a well-fed dog before a small and select 
group of distinguished citizens of Pavia, He had opened the abdomen, 
gently put aside the intestines, and there in the mesentery to his amaze- 
ment he beheld ramifying vessels filled with white fluid— the lymphatics 
distended with chyle. He described his findings in this wayr 

... 1 suddenly beheld a great number of cords as it were, exceedingly 
thin and beautifully white, scattered over the whole of the mesen- 
tery . . . and starting from almost innumerable beginnings. . . . Where- 
fore struck by the novelty of the thing, I stood for some time silent 
while there came into my mind the various disputes, rich in personal 
quarrels no less than in words, taking place among anatomists. . . . When 
I gathered my wits together for the sake of the experiment, having laid 
hold of a very sharp scalpel, 1 pricked one of these cords ... I had hardly 
touched it, when I saw a white liquid like milk or cream forthwith gvish 
out. Seeing this, I could hardly restrain my delight, and turning to those 
who were standing by , . . more particularly to Senator Septalius, who 
was both a member of the great College of the Order of Physicians 
and, while I am writing this, the Medical Officer of Health, “Eureka” 
I exclaimed with Archimedes, and at the same time invited them to the 
interesting spectacle of such an unusual phenomenon. . . . 

In the two hundred years following Aselli’s discovery the early 
anatomists learned much about the abdominal lymphatics but only a 
little about the small lymphatics elsewhere. As late as the fourth decade 
of the 19th century it was generally believed that fluid was carried 
from the blood vessels to lymphatics by tiny vessels, the “vasa serosa.” 
Belief in such connections was abandoned following Schwann’s discov- 
ery of the cell, and Virchow^ then suggested that the blood vessels and 
lymphatics communicated by hollow connective tissue cells. Ne.xt, von 
Recklinghausen'^ intimated that the smallest lymphatics opened into tis- 
sue spaces and that fluid entered through their open ends or through 
stomata much as rain water might be collected by drain pipes. But sub- 
sequent discoveries changed all this. First His° suggested that the lym- 
phatics were closed vessels, a suggestion later to be proven true by the 
notable work of MacCallum® and of Florence Sabin'^ who, in 1915’ 
reviewed some of her findings on this subject in a Harvey Lecture, 
With this suggestion of His the mechanism of the formation of lymph 
became a mystery, and a fascinating one, yet to be solved. It was then 
that lymphatic physiolog}’- really began, for speculation and experiment 
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soon led to the two schools of Ludwig and Heidenhain, the one be- 
lieving that lymph was formed by filtration, the other that it was 
secreted into the lymphatic capillaries by the cells of the wall. Lym- 
phatic physiology made its greatest forward step under the influence of 
Starling®’ and other English physiologists working in his time.“’^® 
Their work can be described briefly as the study of lymph itself, its 
constituents and its chemistry as bearing on its mechanism of forma- 
tion, a subject that has been actively extended by Weech and his co- 
workers^® and by Drinker and his group in Boston^^’ whose work has 
already been presented before this Society.’® 

Until very recently physiologists have contented themselves with 
collections of lymph from the larger lymphatics and with observations 
on the changes in the fluid under various conditions. As a result we 
know much more about what lymph is chemically than we do of how 
it forms or under what conditions it flows rapidly or slowly or trans- 
ports substances from one part of the body to another. One technical 
difficulty has been that when a lymphatic is cannulated the contents are 
no longer subjected to the hydrostatic conditions present in the intact 
channel and the resulting flow from a cannula may be altogether dif- 
ferent from that which would have occurred if the lymphatic had not 
been opened. There are other difficulties which are more considerable. 
Lymph is formed at the periphery and not in the larger vessels, and the 
formation of lymph can be understood only after more study of the 
minute vessels. But the ultimate lymphatics are too small to cannulate 
and, unlike the blood capillaries, they are invisible. 

A few years ago Dr. Stephen Hudack and I utilized various vital 
dyes as an aid in observing the capillary blood circulation in the ears of 
white mice.’" It was noted that when e.xtremely superficial intradermal 
injections of minute amounts of solutions of these dyes were made at 
the tip of the ear, some of the coloring matter passed into lymphatic 
capillaries that had been torn or ruptured by the needle. As the dyes 
employed had no local tissue affinities they were carried along in the 
lymphatics with the result that the vessels were rendered visible from 
the tip to the base of the ear. One could see the smallest peripheral 
lymphatics as they passed through living tissue that was itself untouched 
and unharmed, and it became possible to test for the first time the reac- 
tions of these channels in health and disease. The ear of the mouse is 
ideal for such studies, for the anesthetized animal can be placed in 
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plasteline molds, with the ears spread upon porcelain plaques which 
serve as reflectors, rendering the most minute vessels visible under the 
microscope. 

Activities of Lymphatics in the Ear of the Living Mouse 

Fig. r shows the ear of a living mouse prepared in the way which 
has proved best for observational purposes. To render the lymphatics 
visible in this and in all the experiments in human skin as well as in the 
skin of animals,' a minute puncture wound through the corium was 
made, under a binocular microscope, with a dissecting needle ground 
as fine as possible. The needle was then pushed for 2 or 3 mm. parallel 
to the surface of the skin and just under the epidermis. Into the tunnel 
so formed was thrust a gauge 30 platinum-iridium needle attached to a 
syringe, and a minute amount of dye, about 1/200 of a cc., was ex- 
pelled with the least possible pressure. The dye promptly entered the 
lymphatic capillaries which had been torn or ruptured by the dissecting 
needle and within a few minutes extended along them to the base of 
the ear. One can see in Fig. i that the channels are typical lymphatics 
as the histologist knows them, irregular anastomosing channels with 
bulbous dilatations at the valves. If the colored contents of such vessels 
are pressed toward the periphery with a microspatula, no flow back- 
wards will take place through the valves but instead the channels' will 
rupture as a rule. Changes in the state of the tissues have much to do 
with the diameter of the lymphatics, which are at times wide, at tiriies 
narrow. Spontaneous contraction or contractile response of the lym- 
phatics of the ear to drugs or chemicals has not been encountered in our 
experience. 

Evidence of Lymph Flow in the Resting Ear: Preparations like that 
shown in Fig. i have yielded evidence of lymph flow even in the rest- 
ing ear. Active movement of dye can be seen to occur along the lym- 
phatics of the ear but as it derived from the injected region it could 
not be taken as indicative of normal flow. However we have frequently 
observed, where two lymph channels joined, that dye-containing fluid 
was displaced and swept aside by another stream of clear lymph, itself 
unseen, deriving from areas remote from the region of injection, that is 
to say, from tissue untouched, wholly normal, and not edematous. The 
phenomenon could not have been due to transmission .of pressure from 
the injected area, for recent work by micromethods^® has shown that 
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interstitial pressure in the ear is not increased in such regions. 

The Fetyneability of Lymphatic Capillaries: Previous knowledge of 
the permeability of the lymphatics has been inferential, being based 
upon comparisons of the blood and of the lymph from channels large 
enough for cannulation. But now the permeability of the walls of the 
smallest lymphatics can be tested directly, though it be in a direction 
opposite to that of normal flow. In a series of systematic studies^^'^” vital 
dyes of graded diffusibility, in various concentrations and in different 
solutes, with and without protein, were introduced into the lymphatics 
and the rate of dye escape observed. Even the most indiffusible dye we 
could find, pontaniine sky blue, escaped from the lymphatics. In recent 
work^® the escape of this dye from lymphatics has been found to be no 
more rapid than that of T-1824, which is a dye so indiffusible that it is 
widely used for blood volume determinations. 

Figs. 2 and 3 illustrate the characteristics of dye escape. Fig. 2 rep- 
resents the ear of a living mouse with lymphatics containing 4 per cent 
pontamine sky blue dissolved in Tyrode’s solution. In this photograph, 
taken 6 minutes after the introduction of the deep blue dye at the tip 
of the ear, escape has begun, as evidenced by the fuzzy appearance of 
the borders of the vessels. Fig. 3 shows the same ear 5 minutes later. 
Color has extended further from the lymphatics owing to the escape of 
dye and its secondary spread through the tissues. The passage of dye 
takes place everywhere along the channels. 

As was to have been expected, highly diffusible dyes introduced 
into lymphatic capillaries escaped more rapidly than poorly diffusible 
ones. The addition of protein to the dye solution delayed its escape. 
Dye in high concentration escaped more rapidly than in low concentra- 
tion. Dye dissolved in sodium chloride solution, isotonic with blood, 
escaped more rapidly from the lymphatics than did that dissolved in 
Locke’s or Tyrode’s solutions. Finely divided particulate matter, India 
ink or Hydrokollag-® failed to escape at all during the periods of our 
experiments. In short, the lymphatic capillary wall was found to behave 
like a semi-permeable membrane. 

Clmiges in Fermeability of the Lymphatics: Sharp increases in the 
rate of dye escape followed mild stimulation of the skin, indicating that 
there had been alterations in the permeability of the vessels. To dem- 
onstrate these changes to the best advantage the most indiffusible dye 
obtainable, pontamine sky blue, in a 21.6 per cent aqueous solution 



THE B U L L E T I X 






Lymphatic Participation in Cutaneous Pbenoviena -j i~i 


Fig. 1 — Ear of a living anesthetized mouse, photographed' by reflected light, 
16 minutes after the injection of the standard dye solution described in 
the te.xt. Tlie plexus of lymphatics, rendered sharply visible by their stained 
contents, lies in tlie corium. Otlier, deeper lymphatics can be dimly seen. 
But little dye has passed out from the lymphatics though these have been 
full of stained fluid since the injection was made, IB minutes before. X 5. 


Fig. 2 — Ear of a li\-ing, anesthetized mouse with the lymphatics containing 
t per cent pontamine sky blue in Tyrode’s solution. 6 minutes after injec- 
tion of the dye, its escape into the tissues from the lymphatics is well 
under way. X .5. 


Fig. :i — The same ear photographed 5 minutes later, that is to say, II min- 
utes after injection. The color has extended further from the Ijmiphatics, 
owing to progressive escape of the dye and its secondary spread in the 
inter.stitial spaces. X 3. 


Fig. 4 — Ear of a living anesthetized mouse photographed 6 minutes after 
tlie entry of standard dye solution into the lymphatic capillaries. 10 min- 
utes prior to tlie injection the ear had been stroked transversely across the 
middle, as described in the text. 

Sliarply localized ecciiymoses of dye appeared along the line of stroke, 
although tins latter was so weak as not to elicit any reaction of the blood 
vessels. Under normal conditions no such escape occurs in hour. X 5. 


Fig. 5 — The under surface of tlie right ear was warmed at ■13.0-43.5° C. 
for 5 minutes. Both ears were then spread on plaques in the usual manner. 
10 minutes after the heating, the standard dve solution was introduced into 
the skin and taken up by the lymphatics. The photograph was taken after 
a further interval of 10 minutes. It will be seen that dye has escaped pro- 
fusely all along the Ipnphatic channels of the heated (right) ear, while only 
a little has occurred in the control (left) ear. X 2. 


Fig. 6 — Photograph of the ear of a living anesthetized mouse, injected at 
the ear margin with the standard dye solution described in the text, 5 hours 
after a transverse incision had been made in the skin of the upper surface 
Tlie dye entered the lymphatics of the injected area and gradually' extended 
along them to e.scape from tlieir .severed ends, filling the wound with blue 
dye. X 5. 


Fig. 7 — The result of an intradermal injection of standard dye solution 
into the margin of a mouse ear, which had been incised 21 hours prior to 
the injection and photographed 5 minutes after it. The (flood vessels and 
lymphatics had been cut through. Some of the dye readied and entered the 
incision hut most of it was siiuntcd around it as described in the text. The 
lymphatics were markedly permeable distal to the incision, as indicated hv 
the aliundant escape there, and much le.ss so proximally. X 3. 


big- 6 — Lymphatics in the incised car of a living mouse photographed 3 
minutes after an injection of the standard dye solution. The incision was 
made the day before and is easily seen in the photograph. Three Ivmphatic 
channels, lying probably just beneath the incision, have conducted colored 
fluid past the region of injury into the tissue at the base of the ear. In 
lining so much dy e has escaped into the incision. The increased dye escape 
distal to the incision, and the escape proximal thereto, are also well 
shown. X 3. 
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(isotonic with blood) was diluted to approximately i per cent with a 
mixture consisting of one part of mouse serum and three parts of Ty- 
rode’s solution. This yielded for all the experiments dye at a fixed con- 
centration in a vehicle having the probable protein concentration of 
peripheral lymph. The character of this “standard dye solution," as we 
will term it, was such that when introduced into the lymphatics by the 
technique already described no escape of color could be perceived for 
12 to 15 minutes, though shortly thereafter a barely perceptible colora- 
tion could be seen. 

The readiness with which changes in the permeability of lymphatics 
follow the sort of stimuli that are encountered in everyday life is 
worthy of comment. For example. Fig. 4 illustrates the effect of a gentle 
stroke across the ear. In this experiment and many like it, the ear was 
stroked with the blunt, round handle of a probe, so gently that the skin 
was not broken or scratched; no reaction was elicited from the blood 
vessels nor were the latter ruptured. Ten minutes later the standard dye 
solution was injected at the ear tip and passed, in 2 or 3 minutes, 
through the lymphatic channels to the ear’s base. In another 6 minutes 
the photograph was taken. The sharply localized ecchymoses of dye, 
like beads of a rosary, stand out in the line of the stroke. No dye has 
escaped elsewhere in the ear. 

After such a disturbance 'of the lymphatics the state of increased 
permeability is maintained for zVz hours. Very large molecules intro- 
duced into the lymphatics in such an experiment as when a hemoglobin 
solution is injected escape rapidly but particulate matter, India ink or 
finely divided graphite (Hydrokollag),"® fails to escape. It is plain from 
this that the physiological barrier of the walls has been broken down 
temporarily, but not so their anatomical continuity. 

Heat Increases the Permeability of Ly?nphatics.\ An extraordinary 
increase of lymphatic permeability results from the action of heat. The 
ears of anesthetized mice were allowed to rest on the outer surface of 
a hollow glass bulb shaped to fit the curvature of the ear. Water at any 
desired temperature could be made to flow through the bulb. Fig. 5 
shows the result of such an experiment. The right ear was subjected to 
temperatures of 43 to 43.5° C. as it lay on the water chamber for 5 
minutes. Ten minutes later both ears were injected at the margins, 
and they were photographed after another 10 minutes. In the unheated 
control ear almost no’ dye escaped, whereas the increased permeability of 
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the lymphatics of the warmed ear is obvious. Exposure to mild sunlight 
for half an hour brought about an increased dye escape from the lym- 
phatics, ^vhile control experiments showed that in ears brought to the 
same 'temperature but kept shaded there was no such effect. 

Mild irritation by chemical means produced the same phenomena. 
For example, a single application of xylol to the skin increased lym- 
phatic permeability enormously. Greater degrees of disturbance had 
proportional results. 

The experiments outlined so far carry certain implications. Influ- 
ences which come within the realm of the normal— sunlight, slight 
Avarmth, a stroke Avhich does not break the skin— these greatly but tran- 
siently increase lymphatic permeability. Such changes obviously have a 
meaning for local conditions. Fluid exchange betAveen the blood and 
tissues is knoAvn to be altered by vasodilatation and contraction, altera- 
tions in the systemic blood pressure, and so forth. The lymphatics con- 
stitute a more passive system, yet much of their usefulness under this or 
that condition must depend upon the state of permeability of their Avails. 
None of the injuries Ave have used so far to alter the permeability of the 
lymphatic Avail breaks doAvn the barrier so completely as to permit the 
immediate escape of particulate matter; yet insofar as the lymphatic is 
rendered more permeable to fluids by this or that influence, it ceases to be 
a Availed off channel. We have shoAvn that slight stimuli render the lym- 
phatic Avail so permeable that even hemoglobin passes it readily. What 
is true for the huge hemoglobin molecules cannot but hold for those of 
the plasma proteins. 

Lymphatic Participation in the Repair of Incisions: The part played 
by the lymphatics in the healing of Avounds and in the repair of con- 
nective tissue injuries has been largely unknoAvn. Descriptions of the 
processes yield so little mention of lymphatics that one may Avell ask, 
do they share in these phenomena at all? To study their relation to the 
healing of Avounds, incisions about r cm. long were made in the skin 
of mouse ears midAvay betAveen the tip and the base. Some of the in- 
cisions Avere extremely superficial, some deep, the depth being con- 
trolled by obsen^ations with the binocular microscope. At var)=-ing inter- 
vals after making the incisions the standard dye solution AA’^as injected 
at the tips of the ears; 

First of all it AA^as found that the behaA'ior of the lymphatics sev'ered 
by incision differed greatly from that of the blood vessels. 
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Figure 6 shows the results of a typical experiment. Five hours after 
making an incision deep enough to sever superficial lymphatics and 
blood vessels dye was introduced into the lymphatics at the tip of the 
ear. It passed, along the channels and escaped at their severed ends into 
the incision itself, although at this time constriction and spasm of the 
blood vessels prevented all bleeding. The picture, taken only 5 minutes 
after the injection, shows that the lymphatics had not only failed to 
close during the interval of 5 hours but that the channels distal to the 
incision were far more permeable than normal, as evidenced by dye 
escape. Intravenous injections of dye in other experiments showed that 
tlie blood vessels about the incisions were also more permeable than 
normal. 

When a drop of dye solution was placed in a superficial cut the 
lymphatics drained away colored fluid to the base of the ear, showing 
tliat the channels were still open. These phenomena were not invariable 
and whether or not they took place seemed to depend upon how dense 
a fibrin clot had developed in the wound, hindering access to the lym- 
phatics. The fact that severed lymphatic vessels often remain open for 
considerable periods of time, unlike the blood vessels, and lead away 
fluids from wounds readilv explains the frequency of infection by way 
of the lymphatics. 

In a few experiments, instead of injecting the incised ears, a tiny 
crystal of dye was pushed, under the guidance of the microscope, into 
a minute intradermal puncture wound at the periphery of the ear. 
Within 15 to 20 minutes colored fluid could be seen passing from the 
severed lymphatic capillaries into the incision. This occurred of course 
Muthout application of pressure. 

In the experiments in which dye was introduced into the tissues, 
by hand and through a needle, “the least possible pressure” was em- 
ployed. Very recent work, which cannot be detailed here, shows that 
the pressure of such an injection is about 6 to 12 cm. of water. The 
pressure within lymphatic capillaries of a motionless mouse ear was 
found by micromethods to be 0.7 ± 0.3 cm. of water, but pressures of 
only 2 to 4 cm. of water will cause a flow of dye into incisions even 
several hours after they have been made. From a practical point of view, 
then, the slightest touch on the skin in dre.ssing a mouse wound will 
produce results like those seen in the photographs. There is good rea- 
son to suppose that the same will be found to hold true for man. 
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In tests made 24 hours after incising the skin, the dye injected at the 
ear’s rip was mostly carried to within about 2 mm. of the incision and 
then shunted around it. Only a little reached the wound itself, arriving 
there from the channels skirting either end. Fig. 7 shows the results 
of such a test. The photograph was taken 5 minutes after an intrademial 
injection into an ear incised 24 hours before. Both blood vessels and 
lymphatics had been cut through. The finding portrayed was that gen- 
erally obtained but in a few instances dye escaped into the wound, and 
furthermore, entered directly into lymphatics on the other side of it. 
Intralymphatic pressures of 30 to 40 cm. of water, brought to bear by 
niicromethods,^’^ invariably gave such a result. Fig. 8 shows a photo- 
graph of an instance. That lymphatic channels distal and pro.vimal to 
the incision were abnormally permeable to the dye is obvious in both 
Figs. 7 and 8. 

Forty-eight hours after making an incision, dye intradermally in- 
jected by hand with the least possible pressure at the ear’s tip regularly 
failed to enter the incised area and was shunted around it. Intralym- 
phatic pressures of do to 80 cm. of water were required to force dye 
into the incision, such pressure probably dislodging fibrinous plugs in 
the lymphatics. The permeability of the lymphatics proximal to the 
wounds seemed to have returned to normal, as judged both by the rate 
of dye escape, and by the speed at which the channels filled with dye 
became decolorized as new fluid washed it out. On the other hand, 
intravenous injections of dye 48 hours after making the incisions showed 
that the blood vessels all about the incised area were still far more per- 
meable than normal. More will be said of this below, after discussing 
the changes in the lymphatics about burns. 

Nen) Formation of Minute Lymphatics in Areas of Repair: Clear 
evidence was obtained of the new formation of lymphatics in ears 
studied 7 to 10 days after incision of the skin. Lymphatics at the 
peripherv^ of the ear, injected in the usual way at this time, led dye solu- 
tion or India ink into a wealth of small channels in and about the cuts. 
Frequently the injected fluids passed, in reconstituted channels, directly 
through the incised areas. Fig. 9 shows the result of an injection of India 
ink at the margin of the ear 9 days after making an incision deep enough 
to sever lymphatics and superficial blood vessels. On the left side of the 
incision several lymphatics are seen carrying ink either directly through 
the healing incision or just beneath it. The India ink was used for 
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purposes of photography, to show the outline of the lymphatics unob- 
scured by the escape of dye. The line of the incision lies between the 
two arrows on the photograph. 

The Participation of Lymphatic Capillaries in the Reaction about 
Bumed Areas: Small, sharply localized, standardized first, second and 
third degree burns of the ears of mice were made by applying to the 
skin thin-walled glass water chambers through which water circulated at 
any desired temperature. Local injections of standard dye solution into 
the lymphatic capillaries of the uninjured tissue at the ear tip resulted in 
the entrance of the colored fluid into channels which passed directly 
through the burned areas, or under them, and emerged again in normal 
tissue at the ear base. The application of heat of 55° C. for 45 seconds 
to I minute produced a mild first degree burn. Fig. 10 shows the result 
of an experiment in which dye entered the lymphatics 6 minutes after 
burning the skin in this manner. Only 2 minutes later the picture (Fig. 
10) was taken. The fuzzy escape of dye along the lymph channels in 
this very brief period outlines the area of the burn, indicating a great 
increase in permeability of the lymphatics. After another 2 minutes a 
second photograph (Fig. 1 1) was taken. The speed of dye escape in this 
short interval is obvious from the spread of color in the tissues. It is to 
be noted that dye escaped from the channels only in or near the mild 
burn. 

Occasionally dye introduced into the lymphatics at the margin of 
the ear passed directly through small second or third degree burns if 
the injection were made not too long after the skin had been injured. 
The great increase in the permeability of the walls of lymphatics in or 
near such burns is shown in Fig. 12. In the experiment from which this 
photograph was taken a punctate third degree burn, the clear area in 
the picture, was made 3 hours before the injection of dye by applying 
to the skin for 45 seconds a small water chamber heated to 60° C. The 
photograph, taken only 3 minutes after the injection, shows the extent 
to which the lymphatics at the edge of the bum and one traversing it 
have poured their contents into the injury. In this experiment we em- 
ployed, as in the previous one, the standard dye solution which escapes 
visibly in the normal ear only after 12 to 15 minutes. 

For 24 to 48 hours the sharply localized second and third degree 
burns, made in the manner described, remained as ischemic patches on 
the ears, surrounded by regions of hyperemia and edema. Twenty-four 
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hours after the formation of a mild burn, dye .injected into the lym- 
phatics at the ear margin was mostly carried around the region of injury 
through extremely permeable channels. The lymphatics leading directly 
to the burned area seemed to terminate in blunt ends, closed perhaps 
by heat coagulations or fibrinous clots. Occasionally lymphatics trans- 
ported dye directly through the burn, and when this happened the color 
escaped so rapidly that one might doubt the existence of lymphatic 
walls were it not that India ink or other particulate matter similarly 
injected did not escape. 

By the 2nd day the lymphatics which filled most readily, that is those 
which skirted the burn, began to show normal permeability again. Dye 
passing along them was carried away instead of escaping from the walls. 
The finding was of some hiterest because at this time the blood vessels 
about the burn were still far more permeable than normal. Fig. 13 
illustrates this fact. It shows a ring of intense color about a burn 2 days 
old due to the escape of dye from the blood vessels 4 minutes after an 
intravenous injection. Dye had escaped from the highly permeable blood 
vessels about the burn and not from vessels elsewhere in the ear. x\t this 
time the lymphatics had begun to regain their normal permeability. 

In the later stages of the repair of burns the lymphatics showed 
notably active proliferation within the recovering tissue. An example 
is shown in Fig. 14. In the experiment providing this photograph per- 
foration had resulted from a localized burn of the ear made 9 days 
before. Twig-like lymphatic capillaries are visible, growing into the ring 
of newly formed tissue which is closing the perforation, while the 
abnormally rich plexus of vessels proximal to the injury signifies the 
fact that new lymphatic capillaries are not only growing into the new 
tissue but are all about it. 

The observ^ation that lymphatics regenerate is, of course, not new. 
The phenomenon has been described by Lee-^ and by Colin” for the 
thoracic duct, by Reichert'^ for the lymphatics of the limbs, by Clark 
and Clark-'*’-*' for those of the rabbit’s ear, and by others. For our pur- 
poses the point of interest lies chiefly in the enormous number of 
apparently new vessels which appear in the recovering tissue. This 
obsen\ation, which indicates great activity of the lymphatic system in 
the processes of healing, has been confirmed by Pullinger and Florey, 
whose work has been cited by Drinker and Yoffey.“ 

The implications of these findings are not inconsiderable. It is well 
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Fig. 9 — Demonstration with India ink of the IjTnphatic plexus about a 
healing wound. 9 days previously the skin had been incised. In the photo- 
graph tlie incision lies in the line between the two arrows. On the left side 
of the incision several lymphatics arc seen carrying ink eitlier directly 
tlirougli tile liealing incision or just beneath it. X !•. 


Fig. 10 — This photograph shows the escape of the standard dye solution 
into a burned region. 8 minutes prior to taking the photograph a chamber 
containing water at a temperature of 55° C. was brought into contact, for 
■to seconds, witli an area midway between the tip and base of the ear. G 
minutes later the dye injection was made near the tip, and 2 minutes later 
tile photograph was taken. The area of dark, fuzzy escape of dye along 
tile lymph channels coincides with the area of the burn. Elsewhere no dye 
has passed out. X 


Fig. 11 — The same preparation 2 minutes later, that is to say, -I minutes 
after the injection. In unharmed ears standard dye solution does not begin 
to escape from the lymph channels for 12-15 minutes. X -li/,. 


Fig. 12 — A photograph taken 3 minutes after a local injection of standard 
dye solution at the margin of the ear. 3 hours prior thereto a punctate burn 
midway between the tip and the base of the ear had been made by heat at 
()0° C. applied for -15 seconds, as described in the text. Dj’e passed directly 
through the burn in one lymphatic and was carried close to it in other chan- 
nels. The rapid dye escape from the lymphatics in and close to the burned 
region is shown. X -I. 


Fig. 13 — A pliotograph of the ear of a living anesthetized mouse 2 days 
after a punctate burn had been induced on its upper surface. -I minutes 
prior to the photographic exposure the animal received intravenously 0.05 
cc. of aqueous isotonic pontamine sky blue solution (21. G per cent)! 

The increased permeability of the smaller blood vessels is evidenced by a 
ring of intense color about the burn, while elsewhere in the ear very little 
dye has escaped, .-^t the center of the burned area there is some slight dif- 
fuse staining. X 5. 


Fig. 1-t — The ear of an anesthetized mouse injected with a suspension of 
dialyzed India ink in 5 per cent gelatin solution 9 days after a stigmatic 
burn. The burn had caused a complete perforation of the ear which at the 
time of the injection was gradually being closed by granulation tissue. Sev- 
eral very small twig-like lymphatics can be seen in the new-formed tissue 
and about the healing burn there is an abnormally rich plexus of lymphatics, 
many of which are very .small. X 12. 


}'‘r' — Successive stages in the distribution of dye during an intradermal 
injection into the skin of the volar surface of the arm of a living human 
being. I he photographs were selected from a moving picture film and were 
taken 12, 21, 32, 15, and 65 seconds, and 3 minutes, respeetivelv, after the 
beginning of the injection which lasted GS seconds. Xote that the injecting 
needle is .seen in the first five photograplis but not in the sixth. X -2^/^. 
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known from the work of many authors that blood vessels in and about 
regions of injury, mild or severe, are more permeable than normal. 
Menkin, who has recently reviewed the subject,-^ has produced evi- 
dence which indicates that substances escaping from the abnormally 
permeable blood vessels into regions of severe injury and inflammation 
are fixed there, and furthermore that the lymphatics leading away from 
these regions may be partially or completely obstructed by fibrin de- 
posits. Such a state of affairs leads to the partial isolation of severely 
injured regions from the remainder of the body. Our studies show that 
in and about mild burns, as in and about mild injuries, the permeability 
of the lymphatics is enormously increased without loss of the anatomical 
continuity of their walls. The profound alterations in permeability speak 
for active participation of the lymph system in the changed processes 
of fluid exchange. Like the blood vessels, the lymphatics . respond to 
injury first by pouring their contents into the region involved, not only 
into the injured area itself but all about it. As our observations show, 
the lymphatics regain their normal permeability before the blood vessels 
do, and through the lymphatics resorption from injured areas seems first 
to begin. One may suppose that through them the noxious products 
resulting from injury are carried away and sieved through lymph glands 
before reaching the body at large. 

Studies of the Lymphatics of Living Human Skin 

The physiology of human skin has been written as though blood 
vessels, nerves, and interstitial fluid alone were involved in its activities. 
The lymphatics have been almost ignored. To learn what goes on in 
them the techniques just described were applied to human skin and by 
their use the lymphatics of living men were rendered visible for the 
first time. 

The injections into human skin were made as already described for 
the mouse ear save that a more diffusible dye, patent blue V,"® was em- 
ployed to avoid enduring discoloration of the skin. The six photographs 
of Fig. 15 illustrate the results of an intradermal dye injection on the 
volar surface of the forearm of a normal subject. The photographs 
presented were taken at intervals of approximately 15 seconds after the 
beginning of the injection which lasted slightly over a minute. The 
channels rendered visible by the dye lie in the subpapillary layer of the 
corium and the lymphatic plexus there is far richer than had previously 
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been supposed. In the past gelatin injecting masses have been usually 
employed to study them, thicker mixtures which enter only a small 
fraction of the channels present in the skin, W e have found too, as the 
photographs show, abundant anastomoses, which deseiwe emphasis be- 
cause of a further finding, to be described below, that every wound 
through the human corium tears lymphatics open and allows foreign 
material to enter them directly. Indeed the lymphatic plexus is so close- 
meshed that one cannot make an intradermal injection without inject- 
ing the lymphatics. 

Fig. 16 shows the results of two intradermal injections of dye in a 
living arm. Pigment, pale because diluted with lymph, is beginning to 
drain from the injection site into subcutaneous lymphatics and can be 
seen under the skin as dimly visible colored streamers ascending the arm. 
The invariable occurrence of such streamers followinsr intradermal in- 
jections of dye has suggested that dyes might be used to study changes 
in cutaneous lymph flow. To test the point they were employed as will 
now be detailed. 

For injections like those photographed in Figs. 15 and 16 nearly o.i 
cc. of an 1 1 per cent solution of the dye, patent blue V, was employed.-® 
Though the bulk of fluid introduced was so small, dye drained rapidly 
away into the deeper subcutaneous trunks. In the experiments to be dis- 
cussed below far less dye solution was injected, only 0,01 to 0.02 cc. 
for each test. Further, the concentration of the dye solution was reduced 
to I per cent, which yielded just enough color to be visible in lymphat- 
ics under the skin.-®'®“ The decrease in concentration and volume of 
material injected reduced the amount of pigment to about 1/50 of that 
previously employed. The resulting streamers formed slowly, requiring 
about 20 minutes to become 10 to 15 cm, in length. As a result varia- 
tions in their length and intensity could easily be distinguished. 

In Fig. 17 {a-e) natural size photographs of the results of a minute 
injection of the sort mentioned have been reproduced. They were taken 
at intervals of 30 and 45 seconds, i, 2, and 3 minutes, respectively, after 
the dye first began to enter the lymphatics. The injection in this in- 
stance required only 52 seconds. All the injections to be considered be- 
low required less than i minute, A greatly reduced photograph of the 
arm (Fig. 17/) shows a characteristic streamer which developed in the 
ensuing 20 minutes. 

It is to be stressed that following a minute injection of this sort the 




Fig. IG — The aftermath of two intradernial injections of a vital dye, patent 
blue V, into the skin of the volar surface of the arm. Dye, pale becfiuse 
diluted with Ivmpli, is draininir up tlie arm in subcutaneous lymphatics. 
X %. ■ 

Fig. 17 a-e — Natural size photographs of the distribution of dye on intra- 
dermal injection into the skin of the volar surface of the forearm. Tlie 
photographs were taken 30 and 15 seconds, and 1, 2, 3, and 20 minutes after 
beginning the injection. Fig. 17 / is reduced to 1/7 natural size and shows 
a colored .streamer extending up the arm from the injected area. 

Fig. 18 — Results of an intradernial injection of dye into the skin of the 
volar surface of an arm during a period of venous obstruction, caused as 
described in the text. The injection was made after pressure had endured 
for 20 minutes. Fig. 18 a-e was taken at the same time intervals as I’ig- 
17 a-e. Fig. 18 /, however, shows only part of an intense blue streamer 
which formed in 2 minutes following the release of tlie venous obstruction. 
X 1/7. 
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development of a screamer is a very different phenomenon from that 
obtained when larger amounts of dye are forcibly injected into skin to 
obtain anatomical preparations of the lymphatics. Under the latter cir- 
cumstances undiluted dye is actually forced into the lymphatics under 
great pressure and is not transported by flow along them. In our e.xperi- 
ments minute amounts of dye solutions, isotonic with blood, are in- 
jected with the least possible pressure into the tissues. From the in- 
jected area the solution, diluted by tissue fluids, e.vtends very slowly into 
superficial lymphatics, there to be still more diluted. Slowly, and only 
after some minutes, it reaches the lymphatic trunks as dye at the site 
of the injection is further diluted by tissue fluid, to become lymph. To 
be sure, some pressure is unavoidably employed in making an injection 
but, as already mentioned, it is slight indeed, varying from 6 to 1 2 cm. 
of water. Recent work has shown chat the pressure in the bleb of in- 
jected dye is only 4 to 8 cm. of water and falls rapidly to become equal 
within 4 minutes to the usual interstitial pressure of less than 2.0 cm. of 
water. 

Changes in Lymph Flow Reelected i$y Changes in the Length 
AND iNTENSrn.’' OF THE COLORED STREAMERS 

The Effects of Agents Knoacn to Stinrulate or Retard Lymph Floao: 
To rest whether or not changes in lymph flow in human skin find 
reflection in changes in the length and intensity of the streamers, use 
was made of the common knowledge chat lymph flow is increased by 
applications of heat,”’^^ by massage,*’*' by activity,^*’ **■ or by hyper- 
emia,**^ and that it is diminished in limbs that are at rest.*’- *'*-** 

Constant amounts of standard dye solution were injected into cor- 
responding skin areas of the arms and legs of normal subjects whose 
limbs were then subjected to one or another of the conditions just men- 
tioned, Tracings of the streamers as they developed were made on strips 
of celluloid held over the skin. Te.xt-fisf. A shows a series of tracings of 
streamers which developed from two similar injections made at approxi- 
mately the same time on the volar surface of the resting forearms of a 
normal subject. One arm remained at room temperature while the other 
was submerged in warm water at 46-47° C. Both arms were motionless, 
at the same level below the apex beat of the heart. Both injections were 
made with the same amount of dye solution, at the same pressure, and 
the conditions -about the injection site were similar. Hear, which is 
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Text-Fig. A. — The effect of warmth to increase lymph flow. Tracings of two similar 
intradermal injections of dye in the forearms of the same subject, 2, 5 and 10 minutes 
after injecting. Dye escape from the lymphatics is indicated by the stippling. Column 1 
shows the result in the normal resting arm, column 2 in the arm resting in warm water 
at 4().0-l-7.0° C. In the warmed arm streamers developed more rapidly. Natural size. 


known to increase lymph flow, increased both the intensity and the 
length of the streamers. Ten experiments all gave similar results. 

When an arm injected in the way described was used to pummel 
a punching bag, intensely colored streamers developed and reached the 
shoulder in a minute or two. Massage also brought about the rapid for- 
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mation of intense streamers, by an actual squeezing of the dye along 
the channels. Passive movement yielded less pronounced effects than 
active movement but nevertheless a definite increase in the length and 
intensity of the streamers was seen. In all our experiments the streamers 
were shortest and least colored in resting limbs. 

The effects of posture were striking. In an arm intradermally in- 
jected with dye and held vertically downward at rest, streamer forma- 
tion was absent; whereas when the same arm was raised vertically above 
the head and then injected, it was rapid. Streamer formation was absent 
in the injected lower legs of normal subjects seated quietly with the feet 
resting on the floor, but conspicuous if, a few minutes later, the injected 
leg was elevated and propped on a table while the subject remained 
seated. Streamer formation was still greater if a limb which had been 
hanging downward was raised and immediately injected. 

The lack of streamer formation in the dependent limb is of much 
interest. It is well known that in the dependent limb fluid collects; the 
mechanism is charged as it were for lymph formation yet no streamer 
develops. If a lymphatic is cannulated under these circumstances, lymph 
flows from the cannula, for the back pressure from the vertical column 
of lymph above the point of cannulation no longer exists, as in the 
intact system, to prevent the movement of lymph. 

It is to be noted that in the tests on human skin, so far described, the 
streamers showed streat differences under different circumstances al- 
though the conditions of injection, that is, amount of dye, concentra- 
tion, pressure, and the local edema at the site of injection, were the 
same. Procedures known to increase lymph flow caused an enhance- 
ment in the size, number and intensity of the colored streamers devel- 
oping after injection of small amounts of dye in the skin. In resting 
limbs, in which presumably lymph flow was least, streamer formation 
was least. 

The Ejects of Some Conditions Having a Problematic Influence 
upon Lymph Flow: With these facts established, we studied next the 
changes in streamer formation brought about by conditions having an 
unlcnown influence upon lymph flow. No streamers ever appeared in 
the skin of the forearm or lower leg if pressure, even as little as 10 mm. 
of mercury, was applied to the upper arm or leg by a pneumatic cuff. 
By contrast the most rapid formation of streamers that we have ever 
seen occurred in motionless limbs during the reactive hyperemia that 
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follows release of obstruction to the circulation. 

Fig. 1 8 {(i-e) shows some photographs of the skin of a forearm in- 
jected with dye 20 minutes after bringing about venous obstruction by 
inflation of a Riva-Rocci cuff to a pressure of 90 mm. of mercury. The 
photographs were taken at the same time intervals as in Fig. 17. No 
streamers developed during a further 20 minute period of obstruction. 
The final photograph, Fig. 18/, shows only part of an intense blue 
streamer which formed in less than 2 minutes after release of the pres- 
sure cuff. The streamer at that time reached the shoulder. No streamer 
so long or intense was ever found at any time after a similar injection 
in a normal arm. 

Fig. 19 a and b shows the result of an experiment in which several 
dye injections were made intradermally during a 40 minute period of 
total circulatory obstruction. During this period no streamers developed. 
The obstruction was then released and the streamers shown in Fig. 19 
a appeared in 1V2 minutes. Fig. 19 b shows them again after a further 
interval of 1 14 minutes. The great increase in intensity is striking. The 
phenomenon occurs during the intense reactive hyperemia which in- 
variably develops almost immediately after release of the obstruction. 

Influence of Pulsation of Blood Vessels on the Movement of 
Lymph in Motionless Tissues 

It is noteworthy that streamers representing the movement of col- 
ored fluid through the lymphatics can develop with such great rapidity 
in a motionless limb. How can one account for this? It is well known 
that massage, muscular movement and other mechanical factors increase 
lymph flow. But in the resting limb what mechanical forces are present? 
Can it be that the pulsation of blood vessels acts to further the flow? To 
test the point, we resorted, together with Robert Parsons , ' to experi- 
ments on the rabbit’s ear. 

In preliminary rests minute amoimts of dye solutions were injected 
intradermally at the tips of the ears of many rabbits. Colored streamers 
appeared lilte those in human skin, reaching to the base of the motion- 
less ear in about 15 minutes. In each experiment many lymphatic capil- 
laries and small lymphatics, which contained color 10 to 15 minutes after 
the injection, became cleared a few minutes later. Often these channels 
lay far toward the base of the ear, too far away from the injected area 
to be subject to influence by any local edema there. Clearly lymph flowed 
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inco those channels from regions of the ear that were untouched and, 
in sweeping out the colored fluid already there, gave evidence of lymph 
flow from areas of motionless tissue. When the ears were warmed to 45 ^ 
C. they became hyperemic, and under these circumstances the blue 
streanlers reached the base much faster than in the normal ear. Channels 
containing color a few minutes after the injection were cleared much 
more rapidly too. That is to say, hyperemia, which is known to increase 
lymph flow, hastened the rate of streamer movement and the clearance 
of channels in the rabbit’s ear. 


The ears of rabbits were ne.xt perfused with defibrinated rabbit’s 
blood in such a way that a pulsation simulating the natural could be 
imparted to the fluid or withheld at will. In the absence of pulsation 
there was almost no movement of lymph, whereas when pulsation was 
present, lymph flow, as estimated by the streamer formation, was 15 to 
20 times more rapid despite the fact that the “systolic” pressure in the 
pulsatile perfusions never e.xceeded the constant pressure of the non- 
pulsatile perfusions and the volume flow in the former was often but 
one-seventh that in the latter. Variations in the pressure and flow in 
these experiments demonstrated clearly that the mechanical effect of 
the pulse increased the movement of fluid both into and along the 
Iymphatics.^'‘>®“ 

Other Mechanical Forces Favoring Lymph Flow in Motionless Tis- 
sues: Micromethods have been used to measure the intralymphatic cap- 
illar)'^ pressure in the skin of mice and rabbits, as also the pressure re- 
quired to produce flow in the capillaries and interstitial pressure, often 
called “tissue pressure,” outside the capillary walk Under normal cir- 
cumstances the intralymphatic capillary pressure is approximately 
0.7 ±: 0.3 cm. of water and the pressure required to produce flow is 0.3 
to 0.5 cm. of water higher. The interstitial pressure outside the lym- 
phatic capillary wall has never yet been found lower than the pressure 
required to produce lymph flow. Occasionally the two pressures have 
been found equal, but in nearly all instances the interstitial pressure has 
been higher by 0.5 to 1.5 cm. of water. In conditions of inflammation 


or suddenly forming edema the interstitial pressure may exceed by sev- 
eral centimeters of water the pressure required to produce lymph flow. 
As a result there exists usually a gradient of pressure tending to force 
fluid from the tissues into and along the lymphatic capillaries. 

The experiments upon the ears of rabbits afforded us our first oppor- 
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tunity to determine whether streamer movement represents the actual 
movement of lymph in a lymphatic or whether the streamers are arti- 
facts. The point is of much importance, for physiologists generally re- 
gard the lymph flow from motionless limbs as negligible. We have seen 
that colored streamers in resting human limbs extend lo to 15 cm. in 
about 20 minutes. Under the circumstances of our experiments, there is 
an appreciable movement of colored substances introduced into the lym- 
phatics of the skin of a resting limb and, as we have described, much 
more movement in a limb moved or subjected to changes in pressure. 
One may well ask: Do the streamers which develop in normal arms 
represent the movement of lymph taking place normally or is there an 
artificial movement caused by local edema at the site of injection? 

A way was found to test the point by experiments upon the ears of 
rabbits. On numerous occasions lymph was collected from one of the 
large lymphatics at the base of the animal’s ear. The flow of lymph in 
the motionless ear was found much greater than that reported by 
Henry,®® who collected lymph in a similar manner. In our experiments, 
after collecting lymph for i to 2 hours, an intradermal injection of dye 
was made in the usual manner at the ear tip. Color appeared in the lym- 
phatics at the tip as usual and passed to the channels at the base of the 
ear and into the cannula in approximately the same time that it does in 
normal ears. In most of the experiments, during this period the rate of 
flow of collected lymph did not change. In the remainder an increase 
of less than 10 per cent occurred. 

In many cases the ear was warmed to 44° C. after lymph had been 
collected at the ear base for i to 2 hours. Dye reached the channels at 
the base of the ear and entered the cannula in about half the time 


required in the preceding experiments. The flow of lymph into the can- 
nula increased greatly, the increase in flow being approximately propor- 
tional to the increase in the rate of movement of the streamers. 

One can conclude that there is slight lymph flow from the skin of 
bodily regions that are at rest and that the injection of minute amounts 
of dye, 0.0 1 to 0.02 cc., as in our experiments, either does not affect the 


rate of flow or augments that already present by less than 10 per cent. 
Hence the rate of formation of streamers gives a close indication of the 


rate of lymph movement from uninjected tissues. In this connection 
attention should be called to the fact that the volume flow represented 
by a streamer moving 10 to 15 cm. may be very small because the skin 
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lymphatics, though broad, are flattened and . ribbon-like. The point of 
chief interest to us in this relation is not that a certain volume of lymph 
in cubic millimeters or cubic centimeters flows through a given chan- 
nel, but that substances entering a lymphatic through a scratch or punc- 
ture can be carried far in a short time. 

Lymphatics and Lymph Flow in Edematous Skin of Patients 
With Cardiac and Renal Disease 

In certain types of cardiac and renal disease fluid collects in the 
skin with result that edema makes its appearance. Do the lymphatics 
fail in their function of tissue drainage under these circumstances and 
add to the abnormality or do they assist in recovery? Since the dye 
injection technique clearly demonstrates known changes in lymph flow, 
it was used to answer this question. Tests lilte those made in normal skin 
were repeated in the skin of the legs of patients suffering from cardiac 
decompensation. All were elderly patients with no clinical signs of pri- 
mary renal disease. Studies were made on each patient while edema in- 
creased, when it was stationary, and during resorption. 

The dye showed the lymphatic capillaries of the skin to be widely 
dilated and the intercommunications between the channels extremely 
rich. The coloring matter when first introduced spread further along 
the lymphatics and escaped from them more readily than from those of 
normal skin. Yet no evidence of lymph flow was obtained in any of the 
tests, streamer formation being totally absent. At the periphery of the 
injected regions there was abrupt paling, obviously from dilution of 
the dye in the lymphatics by the copious lymph already present in the 
channels. Even in tense, distended skin of dropsical patients the lym- 
phatics were widely open but they were full of stagnant lymph. We 
have reported the dilatation of lymphatics in the edematous ears of 
mice^® and Pullinger and Florey’® later described and pictured the phe- 
nomenon. 

Fig. 20 (^r-/) shows the appearance of lymphatic capillaries in the 
edematous leg of a cardiac patient while edema was on the increase. It 
IS typical. The photographs were taken 10, 15, 25 seconds and approxi- 
mately I, 3, and 20 minutes, respectively, after beginning the injection. 
The last photograph, Fig. 20 f, shows the extent to which dye had 
spread in the lymphatics in 20 minutes. Yet there were no colored 
streamers. Several weeks later the state of affairs in the same patient 
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while rapidly losing his edema was similar. This fact is obvious from 
Fig. 2 1 (a-f) , taken at approximately the same time intervals following 
injection as Fig. 20 (a-f). There were still no colored streamers, no 
evidence of lymph flow. 

In many instances of long standing cardiac edema, there appeared 
during the course of the intradermal injection isolated “islands” of 
dye-containing superficial lymphatics several centimeters away from 
where the needle had entered. These “islands” were separated from the 
immediate area of staining by skin of normal hue (Figs. 22 (a and Z>) 
and 23) and were never seen under normal circumstances. It is plain 
that some of the injected pigment entered the deeper plexus and pass- 
ing along this emerged again in the superficial plexus. The “islands” 
appeared below the site of injection as well as above it or at the side, as 
shown by the arrows “A” and “B” in Fig. 22 /?. 

No matter how much the lymphatic channels were dilated in cases 
of cardiac edema, we never observed the formation of colored streamers. 
There was no evidence of lymph flow, yet the fact that the lymphatics 


Fig. 19 a-/i — Streamers developing IVL* and 3 minutes, respectively, follow- 
ing tlie release of total circulatorv obstruction as described in the text. 
X 1/5. 

Fig. 20 — Spread of dye in the edematous skin of tlie ankle of a patient 
suffering from cardiac insufficiency. The natural size photographs were 
taken at 10, IS, and 25 seconds, respectively, after beginning the injection, 
which lasted only 37 seconds. Fig. 20 d, composed of parts of four over- 
lapping photographs taken at 10 second intervals from % of a minute to 
liy4 minutes after beginning the injection, shows the size of the injected area. 
The lymphatic capillaries are seen to be widely dilated and dye escape from 
them has been rapid. Fig. 20 f, taken 20 minutes later, and reduced to 1/10 
natural size, shows tire large area then covered by the injection and the 
absence of deep streamers of dye. 

Fig. 21 — Results of a dye injection into tlie ankle of the same patient 
several weeks later when he was rapidly losing edema. The photographs 
were taken after intervals of 18, 25, 35, and 55 seconds, and 2 minutes 20 
seconds and 20 minutes from the beginning of tlie injection, which lasted 
50 seconds. Again no colored streamers can be seen. The magnifications 
are similar to those of Fig. 20. The central pale splotches in these and other 
photograplis are high lights caused by dye solution that had escaped on the 
surface of the skin. 

Fig. 22 a-b — Result of an intradermal dye injection into tlie edematous 
skin of a patient with cardiac edema. The photograph (natural size) was 
taken 3i/> minutes after beginning the injection, which required 48 seconds. 
Fig. 22 b (1/10 natural size) was taken 20 minutes after beginning the 
injection. Islands of dye appeared as described in the text. No streamers 
were visible. 

Fig. 23 — ^The same phenomenon as in Fig. 22 6 but as it appeared in a 
different patient i/, hour after injection. X 1/10. 
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were patent could readily be demonstrated. When a region stained as 
result of an intradermal injection of dye was massaged, colored stream- 
ers promptly appeared. If the skin of the lower leg of a patient with 
long standing edema was stroked from the injection site toward the 
periphery, a retrograde passage of dye took place along the superficial 
lymphatics. The phenomenon was never seen in normal man, nor did 
it occur in the patient a few days after the edema had been reduced by 
therapeutic measures. It was plainly indicative of a valvular incompe- 
tence of the lymphatics, a state of affairs which would also explain the 
appearance of “islands” of dye. 

The stagnation of lymph in the edematous skin of the cardiac pa- 
tients is not easily explained. In cardiac incompetence the venous pres- 
sure is generally greater than normal. Can the higher pressure in the 
veins at the point where thoracic duct lymph enters the blood be trans- 
mitted to the peripheral lymphatics and account for the stasis of lymph? 
Four tests were made on this point. Patients with cardiac failure and 
edema of the ankles and legs but not of the arms were so placed in bed 
that the wrists and ankles lay at the same level. In this position the effects 
of high venous pressure at the openings of the thoracic duct, acting to 
exert back pressure in the lymphatics, must have been the same in the 
channels draining both the upper and lower limbs. Nevertheless dye 
injections in the non-edematous arms resulted 'in the development of 
colored streamers with the rapidity and intensity seen in normal sub- 
jects, whereas dye introduced into the skin of the ankles gave rise to 
no streamers in the edematous legs. Lymph flow in the arms appeared 
to be normal whereas in the legs it was absent, a finding which would 
appear to rule out decisively the influence of back pressure to account 
for the stasis of lymph. 

In contrast to the stagnation of lymph which obtains in the edema- 
tous legs of cardiac patients, there was found to be an increased lymph 
flow in the skin of patients with edema accompanying nephritis attended 
by a lowering of the plasma protein concentration. The patients were 
studied during periods of edema increase and diuresis. During the for- 
mation of edema there was in all of them a streamer formation, slightly 
greater than that observed in normal legsj and in all the onset of diuresis 
was accompanied by an extraordinary and intense streamer formation. 

The following is a typical instance. A patient had been injected 
repeatedly over a period of weeks during which his edema slowly in- 
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Fig. 24 . a-e — Results of an intradermal dye injection in an ede- 
matous, nephritic patient during a period of diuresis. The injec- 
tion required 55 seconds. Photographs a, 6 and c (natural size) 
were taken 17 and 51 seconds, and lYg minutes, respectively, after 
beginning the injection. Fig. 24 d (1/12 natural size) and 24 e 
(1/11 natural size) were taken 15-18 minutes after the injection 
and show the intensity of the colored streamers,’ which by this 
time had extended above tlie knee. 

Fig. 25 — -The displacement of dye-stained interstitial fluid by the 
intracutaneous pressure of a developing wheal. For details of the 
demonstration see the text. The wheal, which was evoked by a 
firm stroke, can be seen as a pale band l)ing transversel}' across 
the picture. Natural size. 


creased. In the first few weeks the appearance of the lymphatics differed 
but little from normal and no photographs need be shown. As edema 
increased the lymphatic capillaries became wider than in normal legs, 
though not as wide as in patients with advanced cardiac edema. Fig. 24 
a, b and c shows the appearance of the lymphatic capillaries at the height 
of his edema. By chance the patient had been injected upon the day 
that spontaneous diuresis commenced. Streamers formed within 3 to 4 
minutes after the injection, which were far longer than any we had seen 
in normal legs even half an hour afterwards. Within 28 minutes in- 
tensely colored streamers extended from the ankle to Poupart’s liga- 
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ment. Fig 24 d and e shows them 15 to 18 minutes after beginning the 
injection (which lasted only 55 seconds). In many other patients in- 
jected during diuresis, even more pronounced and more rapid streamer 
formation occurred. Such findings have never been obtained in normal 
skin. 

From all this it seems certain that in heart disease the lymphatics 
fail in their function of fluid transport, adding to the edema. In nephritis 
on the other hand the lymphatics aid in the removal of the accumulated 
fluid. 


Human Skin Lymphatics and the Defense of the Body 
Against Injury and Infl.^mmation 

We have studied, together with Hudack,-*^ the fate of substances 
entering the lymphatics of human skin in regions of injury and inflam- 
mation, repeating many of the experiments made upon the mouse ear 
and adding new ones. 

Permeability studies of lymphatic capillaries of living human skin 
showed that their walls behaved like semi-permeable membranes, as in 
the case of the mouse. Highly diffusible dyes passed through their walls 
more rapidly than poorly diffusible ones. An increase of the concen- 
tration of injected dye enhanced its passage through the lymphatic cap- 
illary wall but the addition of serum retarded it. In many experiments 
done under a binocular microscope, scratches were made with a fine 
sterile dissecting needle, so superficially that only the epithelium was 
removed, without tearing of skin venules or capillary tufts and without 
bleeding. Crystals of dyes of graded diffusibility were allowed to dis- 
solve in the fluid transudate into these scratches. Soon the coloring mat- 
ter appeared in the lymphatics draining the scratched region. The highly 
diffusible dyes passed into the lymphatics more rapidly than did the 
indiffusible ones. These findings showed not only that the lymphatic 
capillary wall behaved like a semi-permeable membrane but it served 
to test the permeability of the lymphatic capillary wall in the direction 
which interstitial fluid naturally takes to enter the lymph stream. Fur- 
ther, the experiments demonstrated how readily substances enter the 
lymphatics after injury to the skin. 

Mild stimuli, of the sort met with constantly in everyday life, such 
as a stroke with a blunt instrument too slight to abrade the sldn surface, 
exposure to heat of 53° C. for one minute, or to ultraviolet light, in- 
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crease the permeability of the lymphatic capillary wall, as evidenced by 
a more rapid escape of dye from the channels. 

Sharply localized burns were made in human skin either by ultra- 
violet radiation or by heat. Lymphatic capillaries outside the burned 
areas were injected and carried colored fluid into the regions of injury. 
The lymphatics in the latter let dye through into the interstitial tissue 
far more readily than did those of normal skin. 

Skin hyinphatics during Wheal F orniation: The behavior of cuta- 
neous lymphatics during the formation of wheals had not hitherto been 
investigated. If human skin which responds to stroking by wheal forma- 
tion is submitted to a whealing stroke and the lymphatic capillaries of 
the region are immediately injected, they are found to be abnormally 
permeable during the latent period of about 2 minutes before the wheal 
appears. As it develops the lymphatics are emptied of their contents by 
the pressure of the wheal fluid and being compressed lose their effective- 
ness as drainage channels. If interstitial fluid already colored by dye is 
present it is displaced by the fluid which accumulates and forms the 
wheal. Since the latter remains imcolored, this fluid presumably is de- 
rived wholly from the blood. 

The displacement of dye-stained interstitial fluid as whealing occurs 
is illustrated by Fig. 25. Two intradermal injections of an isotonic solu- 
tion of a highly diffusible dye, patent blue had been made in the 

skin 4 hours before the photograph was taken. The introduction of this 
dye had produced a mild local edema®^’®® and the edema fluid had be- 
come colored with it. The skin was firmly stroked across the resulting 
colored patches and 3 minutes later the photograph was taken. The 
wheal appears as a broad pale band along the horizontal line of stroke. 
On both sides of it there can be made out a dark line of dye-stained 
fluid displaced by the wheal. 

When histamine together with dye solution was injected into the 
lymphatic capillaries the latter became much more permeable during 
the period of whealing, as judged by the rapidity of dye escape from 
the channels. In several experiments histamine was pricked into a region 
of skin in which lymphatic capillaries had been injected with dye 2 
minutes previously. As each wheal developed the pressure at its e.xtend- 
ing margin squeezed the colored solution along the lymphatics into nor- 
mal skin beyond. Dye which had escaped into the interstitial tissue was 
pressed out of the whealing area, with result that the wheal became 
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surrounded by a darkly colored ring. 

Sir Thomas Lewis^“ in his studies of the responses of blood vessels 
of the skin called attention to finger-like extensions of histamine wheals 
as indicative of a spread of the substance through the lymphatics, and 
described secondary wheal formation along the course of these vessels 
as result of its escape. With Hudack we have injected dye into the skin 
over fully formed but fresh histamine wheals.-® The coloring matter 
passed into the lymphatics and each finger-like extension or “pseudo- 
pod,” as they have been termed,®® was observed to contain a dye-carry- 
ing lymphatic. During regression of the wheal the dye in the lymphatics 
paled rapidly, being carried away in the lymph stream. 

The part played by the lymphatics in the formation and drainage 
from wheals has been further studied by Abramson and Engel."*® On the 
basis of their findings and ours it is probable that a large histamine wheal 
forms, “not by diffusion of the histamine but by convection into the 
lymphatic capillaries and secondary escape into the interstitial tissues.” 
There, part may act upon blood vessels, part may be taken up again 
by the lymphatics and escape at a new site to renew its activity upon 
blood vessels. 

The Effect of Local bijections of Toxins and Bacterins: The inflam- 
matory reactions of skin form the basis of many immunological tests-, 
for example, Schick and Dick tests and the skin tests for allergy. In skin 
inflamed by injections of toxins or bacterins®® the lymphatic capillaries 
become much more permeable than in normal skin. Dye which escapes 
secondarily into the interstitial spaces is removed in about one-fourth 
the time required to remove it from normal skin. For the sake of brevity 
the experiments which show these points will not be detailed here; we 
can only refer to published umrk.®® Suffice it to say that these skin reac- 
tions cannot be considered as purely local. 

Every hitradermal Injectmi Is in Bart a Systemic Injection: That the 
lymphatics are involved in local infective processes is well known but 
the fact seems not to have been sufficiently recognized that noxious 
materials, whether toxic or bacterial, have immediate access to the lym- 
phatics once the primary barrier of the epidermis is broken. If a sterile 
sharp needle rvas dipped into a dye solution or a suspension of dye par- 
ticles and the skin lightly punctured with it, the dye solution or dye 
particles appeared in the lymphatics close to the puncture. Isotonic vital 
dye solutions placed upon a superficial scarification of the skin, like that 
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employed for clinical vaccination, too superficial to elicit bleeding, were 
taken up by the lymphatics and carried away. If a knife, dipped in a 
dye solution or a suspension of fine particulate matter, was used to cut 
the skin superficially, and the cut was then sucked, as one might suck 
a similar injury in everyday life, the pressure thus exerted upon the skin 
forced the dye or the particles which had entered the tom lymphatics 
several centimeters up the channels. The foreign material could not be 
squeezed back into the cut. The experiments showed that however slight 
the injury, colored particulate or diffusible matter punctured, scratched 
or injected into the skin found its way into the regional lymphatics. 
Further, as we have already described, severed lymphatics may rem ain 
open for a long time. As a result of all this the matter of local injection 
assumes greater importance in the light of the fact that intradermal in- 
jections are to a considerable extent intralymphatic; indeed every local 
injection is in reality a general one. 

The Lymphatic System and Defense Against Infection 

Since small particles of every sort (amongst them bacteria, poisons, 
viruses) can enter the lymphatics through every scratch or puncture, 
what is to prevent them from reaching the blood? It has long been 
known that lymph nodes act as filters for bacteria entering the lymph 
stream, but it is also kown that they are highly imperfect filters. The 
possibility suggested itself that the nodes might do more than act as 
mere filters, that they might play a part in the formation of antibodies. 

A variety of experiments done with Hudack have brought out the 
fact that lymph nodes nearest the site of an intradermal injection of 
pathogenic bacteria form antibodies^^ before these appear in any note- 
worthy amount in the blood. Many other experiments have ruled out 
the possibility that the antibodies found in the regional lymph nodes 
had really been formed elsewhere in the body. 

Proof of these statements reported at length in earlier papers^--*- need 
not be detailed again. Here we will merely suggest the way in which 
one type of experiment was done. KiUed cultures of agglutinin-forming 
bacteria were intradermally injected into one ear of large numbers of 
mice. Into the other ears of the mice Schick test toxin was injected. Daily 
thereafter, for some whUe, the serum, extracts from the cervical nodes 
of both sides, of nodes elsewhere in the body, of the liver, and of the 
spleen were tested for agglutinin content. After several days agglutinins 
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appeared first, in high concentration, in the extracts of the cervical nodes 
draining the ears injected with the agglutinin-forming bacteria. They 
were present too in the blood, in traces, but they were absent from the 
extract of the lymph nodes draining the ears injected with the Schick 
toxin and from the extracts of the other tissues. As the ears and the cer-i 
vical lymph nodes on both sides were inflamed to the same extent, ag- 
glutinins formed elsewhere in the body and present in the blood would 
have had equal opportunity to be taken up by the cervical nodes of both 
sides, but they appeared only in the nodes of one side, that injected 
with the agglutinin-forming'bacteria. 

Each day the agglutinin content increased in the extracts of the 
nodes from the side injected with the agglutinin-forming bacteria and 
in the blood too, but not until a week later did they appear in the ex- 
tracts of tissues taken elsewhere from the body. 

Experiments of the same type, but made upon rabbits, were next 
undertaken with John G. Kidd^- to learn whether the substances which 
neutralize viruses are also formed in the lymph nodes. It was found that 
the lymph nodes nearest to the site of invasion form the first antiviral 
substances neutralizing the virus. • 

SUMM.\RY 

The experiments here described provide a new conception of the 
lymphatic system. The lymphatics are very different vessels and far 
more important than had previously been supposed. They have been 
considered mere passive collecting channels and rather sparse at that, a 
view that came to be held because they are not rendered visible by ordi- 
nary means. Actually the lymphatics are so abundant in skin that the 
latter can nowhere be entered forcibly without tearing them, and fur- 
ther, when torn, they remain open. Flow in the smaller lymphatics, even 
in motionless tissues, is generally far more rapid than has previously 
been thought and forces have been found to account for it. The trans- 
port of foreign substances by way of the lymph is much more rapid 
than the volume of lymph flow would lead one to .suspect, for often the 
channels are flat and ribbon-like and as result the flow of a very small 
amount of lymph may carry the foreign materials far through the chan- 
nels. 

The lymphatic capillaries possess walls that respond with remarkable 
rapidity to highly various stimuli and they are channels which take part 
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actively in the processes of fluid exchange. Influences that come within 
the realm of the normal— sunlight, slight warmth, a stroke that does not 
break the skin— all increase lymphatic permeability. Much of the useful- 
ness of the lymphatics under this or that condition depends upon how 
permeable their walls are at the time. While they never become so per- 
meable as to permit the immediate passage of particulate matter, never- 
theless, at times, they cease to be wailed olf channels so far as physio- 
logical events are concerned. 

About injuries and mild burns the permeability of the lymphatics 
increases enormously without actual loss of the anatomical continuity 
of their walls. Like the blood vessels, dye-containing lymphatics respond 
to injury by pouring coloring matter into the region of injury and aU 
about it too. Of greater interest is the fact that the lymphatics regain 
their normal permeability earlier than the blood vessels do, and hence 
one may infer that through these channels the no.xious products are first 
drained away and carried to the lymph nodes before reaching the body. 
Unlike the blood vessels the lymphatics may remain open long after they 
have been severed, and infectious agents can spread far through the 
body along their pathways. 

The role of the cutaneous lymphatics in edema is of interest. In 
cardiac edema, perhaps because of extreme dilatation of the channels 
which renders their valves incompetent, the lymphatics fail in their 
function of fluid drainage, and so add to the disability. On the other 
hand, in the edema accompanying nephritis, the cutaneous lymphatics 
aid in the drainage of fluid from the skin and during the periods of 
diuresis there is an extraordinarily rapid lymph flow. 

Finally, it is most noteworthy that every scratch and puncture, every 
injury that breaks the continuity of the skin, introduces foreign sub- 
stances directly into the lymphatics. Every local injection is in reality 
a general one and as result of lymphatic drainage the regional lymph 
nodes play their part as the- first line of defense, for in the nodes anti- 
bodies are first formed against both bacteria and viruses. 

From all this it follows that what happens in the skin assumes greater 
miportance now that it is apparent that injections into the slfin are really 
injections into the lymphatic system and that the immunity against dis- 
ease, conferred by preventative injections, even the reaction to the in- 
jection itself, is not merely a skin phenomenon but a generalized activ- 
ity of the lymphatic system. 
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NEUROPSYCHIATRY IN WAR TIME* 

George A. Blakeslee 

Director, Neurology and Psychiatry, New York Post-Graduate Hospital 



^HERE can be no doubt that nen^ous and mental diseases 
always have been experienced by members of armed 
forces in all wars but it is only in very recent wars that 
a well-organized and specialized neuropsychiatric serv- 
5S ice was given the opportunity to serve as a component 
part of the medical department in any army, and have the privilege to 
examine and treat soldiers ill with nervous and mental diseases. 

‘it was during the Russo-Japanese War of 1904-1905 that the Rus- 
sians developed the first army medical service in which mental cases 
were treated by specialists, both at the front and upon return to home 
territory. During World War I and just prior to our entrance into the 
war, the Surgeon General of the United States, having in mind the 
desirability of being prepared at the earliest possible moment to deal 
with the new and formidable problem of war nemroses, invited a com- 
mittee of civilian neuropsychiatrists to Washington for a conference on 
the subject. It is interesting to note that the three members of the 
committee were from New York City. 

The committee visited the army camps on the Mexican border to 

of The New York Neurological Society and Section of Neurolog\' 
and Psychiatry of The New York Academy of Medicine, October 6, 1942. 
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Study the provisions made in the United States Army, as then consti- 
tuted, for the diagnosis of, and the care and treatment of soldiers suf- 
fering from mental diseases. 

A member of the committee visited Canada in quest of information 
concerning the management of the numerous problems arising out of 
the presence of mental and nervous disorders among soldiers. 

Another member was sent to England to secure first hand, the 
most recent information as to the British and French methods of deal-* 
ing with war, neuroses in and near the theater of operations, to make 
observations on these methods, and to confer with medical officers in 
the British War Office. 

The foremost recommendation in this report called for rigid exclu- 
sion of all insane, feeble minded, psychopathic, and neuropathic individ- 
uals from the forces which were to be sent to France and exposed to 
the terrific stress of modern warfare. By the adoption of an exclusion 
policy it was believed that the difficult problem of caring for mental 
and nervous cases in France would be reduced and military efficiency 
be increased. 

Army regulations made no provisions for neuropsychiatrists and it 
was also recommended that the psychiatrists and neurologists be medical 
officers of the army. Soon hundreds of neuropsychiatrists were com- 
missioned and recommendations made as to rank. These officers func- 
tioned to exclude the nervous and mentally unfit from military service. 
They were placed on duty at hospitals, camps, cantonments, posts, 
ports of embarkation, disciplinary barracks, both in this country and 
France. With the American Expeditionary Forces they cooperated in 
connection with combat troops, general and special hospitals, court- 
martials, classification boards and prisons.”* 

At the present time, in World War II, although the Medical Advis- 
ory Boards of the Selective Service System continue to function, prac- 
tically aU of the psychiatric examinations are made by psychiatrists of 
the Army Induction Boards, and frequently the final decisions made on 
registrants is rendered by the regular army, particularly by the quali- 
fying officers in the determining board. 

• Neuropsychiatrists are assigned in the various camps in the United 
States, but I am not qualified at the present time, to state to what units 
or organizations neuropsychiatrists have been assigned in the American 


From The ilcdical Department of the United States Army in the iVorld IVar, Volume X. 



Neuropsychiatry m War Tpne 


777 


Expeditionary Forces. I am of the impression that the neuropsychia- 
trists assigned to the camps are overburdened whereas the average high 
school students could probably do the work that physicians are now 
assigned to do in the Draft Boards. 

I have thought that it might be of interest and value to learn of the 
experiences of some of the neuropsychiatrists who served in World 
War I, of others who are serving in the present war, and of one who 
has had much experience as a consultant in a United States Veterans’ 
Hospital. I have communicated with these men and in the following 

paragraphs present the substance of their responsive letters: 

# # # # 

Dr. Samuel W. Hamilton was one of the first commissioned neuro- 
psychiatrists who served in the first World War. He writes that it hap- 
pened to be for him one of those rare occasions when an amateur mili- 
tary man has a chance to express his preference. Not wanting the war 
to end without having seen something of it, he asked to be sent abroad 
early, and the order that called him to duty sent him abroad. He thereby 
missed the benefit of examining the men in the draft, which all of his 
friends say was a very valuable experience. 

The experience at a British hospital, where the severe psychoneu- 
roses were under treatment wa.s valuable. Perhaps it could have been 
organized to be still more valuable. The only lesson that he could draw 
was that medical officers are not afraid to work, and that any courses 
given to them should assume their desire and their capacity to study 
earnestly the new problems. He wishes that more of our colleagues 
were in British and Russian hospitals now. 

He spent about six months with a division. It was a fine division 
and the division surgeon was very pleased to have consultants in any 
specialty assigned to him and was ready to give them a free hand if 
they wanted to work. Of course they did. It was indeed a valuable ex- 
perience. A number of the men who had been trained in the camps at 
home came over later and he could see that they were doing a better 
job as division psychiatrists than he xvas. This is another reason for giv- 
ing our men stiff training at home. Thus far he has not heard that any 
of our colleagues in this war has been appointed a division psychiatrist, 
but he hopes that some will have that experience even though the divi- 
sion may be quite different in organization than in the last war. The 
same kind of men make it up and emotional problems will need the 
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same Icind of attention. It is said that with the present type of warfare 
the organization of medical work at the front is considerably different. 
At any rate the need exists and he hopes our Army Medical Corps will 
meet that need. It may be remembered that the prize essay printed in 
the magazine The Military Surgeon on the future organization of 
the division left but two specialists in the division— the orthopedist and- 
the psychiatrist. This essay was written by a man who as division sur- 
geon had not been especially friendly to the idea of having a psychia- 
trist, but had lived to learn. 

Late in July 1918 Dr. Hamilton went to an army corps. Historically, 
Edwin C. Zabriskie and he were the only corps psychiatrists. He bows to 
Dr. Zabriskie’s superior ability in this as in many other matters— Zabriskie 
served two corps simultaneously and he served only one. 

The work was very interesting as one and another division came 
into the corps. The corps consultant had to get acquainted with the 
division surgeon and some of his ranking aides and then make sure that 
the division psychiatrist knew what was expected of him and had a 
chance to do it. A quite well-intentioned division surgeon might locate 
the division psychiatrist at such a place that he would miss seeing a 
large part of the casualties. The corps psychiatrist was not confined 
entirely to administrative work, for there were corps troops aside from 
the divisions that came and went, and it was desirable to hunt up these 
corps troops, discuss matters with their medical officers and develop 
in them the same attitude toward mental casualties that the division 
psychiatrist was developing in his organization. The lesson that he 
would draw is that the army corps should have a psychiatrist. He needs 
to be very mobile and will have no difficulty in being very busy. 

His last important assignment was psychiatrist to the Army of Oc- 
cupation. The fighting was over now, but there were still psychiatric 
tasks to do. Since the fighting was over and the period of parades had 
come, it was necessary to remove from the divisions a considerable 
number of men who for various reasons could not parade well. Some 
of them were feebleminded; they had been fitted into various jobs that 
they could perform well, but now with regret they were called out and 
sent home. The division psychiatrist had this task and the army con- 
sultant again was responsible for seeing that there was opportunity to 
do the work rightly. Then there were army troops as well as corps and 
division troops and the army consultant was responsible for their mental 
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health. The army had hospitals and in two of them they set up neuro- 
psychiatric units. Their work was studied and steps taken to relieve 
them of unnecessary obstacles. Arrangements had to be made also to 
send their patients to the coast under proper supervision. Obviously, 
every body so large as an army needs a psychiatrist even when it is 

static and much more so when it is in the field. 

# # * * 

Dr. Louis Casamajor who served as a hospital consultant in the 
AEF writes that the old fellows can reminisce about the last war ad 
nauseam but he cannot see to what good. He sees no benefit in writing 
to me about the AEF because he says I know more about that than he 
does. However, he can say something about the BEE. 

When The Presbyterian Unit got with the BEE in Etretat no one 
there ever heard of a neurologist or psychiatrist in a military hospital. 
He took over a general medical ward and saw what neurological and 
psychiatric material they had for him on the side. The neurological ma- 
terial was mostly peripheral nerve wounds and there was important 
work to be done there but not much of it. Psychiatry was practically 
non-existent. 

He remembers, however, an officer with psychiatric problems— a 
fine chap named Brooks of the Royal Engineers who came down the 
line with “shell shock.” He was a typical anxiety neurotic who had 
blown up after three years in the line. Personally he was a fine fellow 
who had blown up after having been through a high grade variety of 
Hell. There were a series of psychotherapeutic talks in which the scare 
factor of his neurosis was shown. After about three weeks he went back 
to his company, in September 1917. “I got a letter from him in Decem- 
ber of that year in which he said he had been able to help a number of 
men with what he had learned from us. He also remarked in his letter 
“If this bloody Army knew what it was doing they would have you 
up here with us instead of back there at the base.” What he meant to 
say was that he believed that psychiatry was of more value at the front 
than in the back areas where usually it was too late. He was killed in 
March 1918.” 

* * # # 

Dr. Frederick W. Parsons, who was division psychiatrist of the ist 
Division, AEF, one of the finest fighting organizations in Europe, feels 
that it is fitting that neuropsychiatrists today draw on the experiences 
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of the last war even though the combat conditions are likely to be very 
different from what were experienced 25 years ago. 

About all that can be visualized now is that the neuropsychiatric 
sendee will have to be adjusted to what is possible. It is doubtful if 
psychiatrists with the troops will have stable psychiatric facilities in 
which to work. In France, until the end was approaching, the war was 
one of fixed positions, making it possible to have one’s facilities stabil- 
ized. It became known where help in neuropsychiatric cases was located 
and what was there provided largely depended on what the higher of- 
ficers believed was desirable. Sometimes the intention of those who 
decided what, where and how much seemed largely devoted to 
thwarting. 

One important opportunity for neuropsychiatric services in war 
time is the position of division psychiatrist. In theory he should promote 
the mental health of the whole division, now about 15,000 men. He is, 
in theory again, expected to spot, to treat and stiffen potential crack- 
ups and to receive first those who have actually broken; to repair the 
reparable and to evacuate those not likely to recovery speedily. 

No reasonable person can expect one man to do all this. Even with 
the best help from the division surgeon, with the sincerest interest and 
assistance of the line officers, he can spot only a few, can help only a 
portion of those reported to him as becoming unfit, and relieve only a 
small percentage of those who actually collapse. 

Under combat conditions a half dozen physicians in an advanced 
station may evacuate 1,500 casualties a day. The psychiatrist, if there, 
probably will be doing dressings, giving first aid, and assisting in the 
transfer to base hospital during every waking moment and the few 
mattresses on the ground cannot be devoted to the neuropsychiatrically 
disabled. The result is that with a mass of wounded men, the neuropsy- 
chiatric cases take a long ride to the rear, again to come into a crowded 
hospital with busy physicians first devoting themselves to those with 
obvious wounds. The physically indisposed and the neuropsychiatric 
cases come last. 

It is fair to assume that similar conditions will be experienced in our 
troops when actual combat begins. It isn’t likely that trench warfare 
with fixed positions held for months and sometimes years will be re- 
peated. Then, the rear area could be a quiet zone and a base hospital 
50 or 60 mUes behind the lines was relatively safe. No realistic person 
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thinks now that the sick and injured will be permitted to convalesce 
in comfort. 

It is likely that the conditions to be met will in no substantial meas- 
ure approach those of the last war. Even then, without much official 
support (there were glaring exceptions), the neuropsychiatrists cannot 
say they met the situation fully and aU they now have to do is to repeat 
the efforts of the last war. It behooves them to admit their failures. We 
can take comfort by realizing that the surgeons did nor save all of their 
cases and pneumonia victims died under the care of the internists. Today 
surgeons have a better technique and the internists deal more effectively 
with pneumonia, and the neuropsychiatrists will do better with their 
cases if they have a chance to work with them. What opportunities will 
be afforded.? Perhaps better than the last war as things may work out 
but for that hopeful outlook they do not have much to stand upon. 
All they can do now is to look back to 1918 and see what lessons may 
be drawn. 

If one were to say that mistakes were made there would be no dif- 
ference of opinion. When, however, one asks what mistakes were made, 
there might be a variety of responses. It is judged that many, perhaps 
all, would agree that there were men in the combat forces who never 
should have been there, men constitutionally predisposed to a neuro- 
psychiatric calamity. They were bound to break and never should have 
been exposed to the strain. Substantial agreement would be had to the 
allegation that the neuropsychiatrists had but little official support from 
their immediate superiors. There were striking exceptions but many 
neuropsychiatric officers were merely tolerated. Then, early in the war, 
successes in the neuropsychiatric field in the AEF were not outstand- 
ingly impressive. Later they improved but by that time the end of the 
war was in sight and that in itself did more for the men than did the 
professional care which unquestionably was improving. 

Dr. Parsons expects that most of us will say that one important mis- 
take was delay in getting specialized care. If a neuropsychiatrically dis- 
abled person can lie comfortably in bed in a good base hospital with only 
the sympathetic care of a regular practitioner for two weeks, he is almost 
sure to be a total loss to the Army and of not much use to himself or 
his family. At the end of two weeks he will have consciously or uncon- 
sciously justified his presence in the hospital. Then the neuropsychiatrist 
has a job on his hands as you well know. Conspicuous success was had 
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in treating neuropsychiatric cases in a few huts within sound of the 
guns. There, a few hours after a neuropsychiatric upset while in the 
trenches, surrounded by men liltewise disabled, the soldier had neuro- 
psychiatric encouragement, a hot meal, a long sleep, and the next day 
was better. After a rest of a day or two, a substantial number could go 
back. All were bucked up by this speedy return and the soldier had not 
lost face. That lesson should not be forgotten. 

So we at least know three mistakes to avoid; 

1. The mistake of poor selection. 

2. The mistake of official apathy. 

3. The mistake of delayed treatment. 

The mistake of poor selection, in the main, has been and is being 
repeated. Our country is large, the psychiatric resources though great 
are not evenly spread. Admittedly, in large sections there are but few 
physicians competent to give psychiatric advice. Generally these large 
areas are thinly settled so that they produce few recruits. The great 
bulk of our soldier man power comes from the North and Middle Atlan- 
tic Seaboard, from the rich centers of the iMiddle West and the socially 
minded Pacific Coast. Probably more than 75 per cent of our soldiers 
could have decent psychiatric screening. For the State of New York 
the selection is probably the best in the country and this group knows 
what is left undone. Poor screening at Induction Boards can be partially 
compensated for by careful weeding during the early weeks of train- 
ing. Recently a plan was proposed whereby the non-commissioned 
officers make check marks against neuropsychiatric symptoms expressed 
in soldier’s language, on a card which goes to the psychiatrists. There 
may be merit in such a plan, for the men themselves know who among 
their associates needs psychiatric attention. If the line officers encour- 
aged the non-coms, some decent plan might be evolved. 

Official apathy prevails and perhaps it is the fault of the neuropsy- 
chiatrists. Maybe they over-exaggerate the importance of neuropsychia- 
try in a war-tom world- It is possible that performance falls short of 
promise. So far as official apathy is concerned, they comfort themselves 
by realizing it is not getting worse. The tendencies will be toward a 
greater appreciation of the need for neuropsychiatric service and if 
they perform, full recognition will come. 

Now, so far as concerns the mistake of delayed treatment of the 
battle casualties, they can leave that to those who know what the 
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battle conditions will be and in an Army scattered in four directions 
these will not be uniform. All they can do now is to hope that facilities 
will be provided and that the neuropsychiatrists have an opportunity to 

avoid the hazards of the first few days of neuropsychiatric disability. 

^ ^ ^ ^ 

Dr. A. A. BriU writes that, notwithstanding all that we have been 
hearing about the increase of neuroses as a result of the war, he fully 
agrees with Kraepelin, Bleuler, and all the others who maintained that 
despite the great hardships, the most intensive psychic traumas, as well 
as brain injuries, there was no increase in the neurpses as a result of the 
war. It might interest you to hear how he came to this conclusion long 
before he heard and read what was said by these great psychiatrists. 

“In May 1917, some months before we entered the first World War, 
an Enghsh army officer— a case of “shell shock”— came to me for treat- 
ment directly from the battlefront. He was accompanied to this coun- 
try by a friend, who came with him to my office. Following one of the 
big “drives,” the patient was found in an unconscious state under the 
debris of a building which was demolished by an explosion. Except for 
a superficial scar on the back of his neck, no organic injuries were 
found. Yet, for about two weeks he was in a semi-conscious mental 
state, and when this disappeared, he showed marked tremors, especially 
in his arms, and general anxiety. After about two months of hospitaliza- 
tion in France and in England, a military medical commission recom- 
mended that he take a vacation far from the scene of war, in Canada 
or in the United States. A member of the commission, a Dr. Russell, 
suggested that in the event he chose the States he should consult me 
in New York, I was quite flattered when he told me this, for I was 
still at an age when one is pleased by recognition from an unknown 
colleague. 

“The patient was bom in Scotland and brought up in Australia; he 
was 43 years old and married. He had been in the British Army for 
many years before the war, and as far as he knew, he was never neu- 
rotically ill. His main symptoms were marked sensitivity to sounds, 
tremors, and amdety, which was still in a free floating state, although 
some of it expressed itself in phobias and in somatopsychic feelings. 
He was very timid about meeting people, so that for the first two 
months he spent most of his time in his room, leaving it only for 
meals and for visits to me. As he had only four months’ leave, and 
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hence, could non be treated by? psychoanalysis, I resorted to other psy^' 
chotherapeutic measures to help him to get back to the front. After 
about two months’ treatment, he showed considerable improvement 
and, encouraged by me, he put on his uniform and began to move about 
in the city. One evening in July, my family being out of town, I asked 
him to dine with me. After a few drinlcs he spoke more freely than he 
ever did in my office (for a quick transference nothing is more efficient 
than a good dinner with a little alcohol). In the midst of his talk he 
suddenly opened the back of his wristwatch, took a piece of paper out 
of it, and showing it to me, said, “I carried this with me for years.” I 
was amazed when I read “Dr. A. A. Brill, 55 Central Park West,” which 
was where I once lived. He then explained that a medical friend of his 
in Australia, who had corresponded with me, often spoke to him about 
my work, and one day after he had read one of my letters to him, he 
cut off my address from it and had kept it ever since. I readily recalled 
my correspondence with this Australian colleague, who was very in- 
terested in the problem of schizophrenia. Thus, I suddenly learned 
that this man had carried my name and address in his watch case for 
at least a year before 1914, and that he had thought of getting in 
touch with me long before Dr. Russell had mentioned my name to 
him. In brief, this patient had been neurotic for many years before the 
World War, and his friendship with the medico of his regiment was 
due to the fact that the latter was interested in mental mechanisms. 

“After we entered the war, I had occasion to see many patients who 
were supposed to have become nervous and mentally ill because of 
their war experiences. In addition, I have been a consultant to the U. S. 
Veterans’ Hospital No. 81 since its establishment, where I have studied 
numerous cases of war neuroses; all these observations had long con- 
vinced me that nobody becomes neurotic or psychotic as a result of 
hardships sustained in wars. 

“Much good and poor stuff has been written about war neuroses 
since the last World War, the Spanish civil war, and since the begin- 
ning of this war, but judging by the selective service classification of 
4-F, which seems to epitomize the sum of this knowledge, I must say 
that the results are poor to say the least. Thus, 4-F excludes every per- 
son who has ever had a neurotic or psychotic attack, or who is sexually 
abnormal. In the latter case the stress is laid on homosexuality. Let us 
consider the neurotics first. During the last war I obsert'^ed a great many 
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psychoneurotics and some psychotics, as it were in action. Some had 
been under treatment until they entered the armed forces. Of those, 
some were conscripted and some volunteered. None of them suffered 
any breakdowns; most of them served with distinction. I can say the 
same of psychotics, especially of the manic-depressive type. I have in 
mind two cases— one volunteered while he was in a depression because 
he welcomed the idea of being lolled. The other joined up while in a 
mild manic state. The former soon got over his depression and went 
through the war unscathed. The second one, a patient who was also 
seen by Dr. Floyd Haviland, later boasted to us that he had a wonderful 
time. As he put it, “It was just as if you went out shooting rabbits.” 
Yet, when I first heard that those patients were in the armed forces, I 
was franldy worried; I wondered what would happen to them. Since 
the first World War, I have seen many neurotics and psychotics, who 
had gone through the war and claimed that they felt better during 
that time. Accordingly, since we entered this war, I have been guided 
by the following rule: All those who say that they are afraid to go into 
the army, or ask me whether they should go or not, I invariably advise 
against it. For experience has taught me that they cannot maintain them- 
selves where strenuous effort is required. However, I have in mind 
three exceptions— men who came for treatment because they were 
afraid, and have joined up after a few months’ treatment, and so far, 
are doing well. All of them have been advanced to commissioned of- 
ficers. On the other hand, those of my former patients who wished to 
go, never asked my advice. I discovered it from parents or relatives, 
or if they called on me, it was to make sure that I would not stand 
in their way. So far, all of them are doing very well. 

“I, therefore, object to the sweeping regulation that anyone who 
has ever suffered from nervous or mental diseases should ipso facto 
be excluded from the armed forces. Most neurotics make excellent 
soldiers. I might add that most excellent soldiers are neurotics. 

.“I feel the same concerning the exclusions of homosexuals from the 
armed forces. In the first place, it is practically impossible to enforce 
this regulation. I happen to know that during the last war there were 
many homosexuals in the armed forces, who were excellent soldiers, 
and I know that the same situation prevails also in this war. There never 
was an army or a navy, wherein there were not many homosexuals. 
An overt homosexual cannot rnake a normal man into a homosexual. 
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Anyone who knows the psychology of this sexual anomaly is well aware 
of this. Moreover, most homos are decent well-behaved individuals, who 
control their sexuality in the same way as the self-respecting hetero- 
sexual. If we had sufficient psychiatrists well-versed also in psychosexu- 
ality, there would be no need for classification 4-F.” 

* * # 

A member of this society, Norman Q. Brill, Major, M.C., who is at 
the present time Chief of Neuropsychiatric Service, Station Hospital, 
Fort Bragg, North Carolina, writes that perhaps the most outstanding 
e.xperience he has had in his military psychiatric experience which now 
is of sixteen months duration, has been the discovery of the existence 
of a tremendous psychiatric awareness in field units as well as in hos- 
pital organizations, in line officers as well as in doctors. Military medi- 
cine seems to have far surpassed civilian practice in the willingness to 
recognize functional and mental disorders. Major Brill continues: 

“This .seems to be so different from everything I have read about 
World War I medicine. Pearce Bailey related how neuropsychiatry 
interfered with established military routine and order. He told about 
officers complaining that if specialists did not cease eliminating the un- 
fit, there would be no army left. ‘It was felt that training which trans- 
formed poor physical specimens into robust fighters could do the same 
for those who had nervous or mental disorders. Recommendations for 
rejection or discharge were often waived by line officers. Because the 
nervous and mentally unfit were greatly embarrassing the American 
Expeditionary forces, General Pershing had to urgently cable the Chief 
of Staff that more extensive effort be made to eliminate such men.’ 

“The situation now appears to be quite changed. Upon arriving at 
Fort Bragg and reporting for duty, I was ushered into the Surgeon’s 
office and introduced with the remark “Here’s a nut picker.” This seem- 
ing lack of proper respect for a neuropsychiatrist was more than com- 
pensated for by a rather wholesome welcome from the General who ar- 
ranged for me to be put to work promptly. I have not stopped working 
since. 

“At present, we have five neuropsychiatric wards with a bed capa- 
city of approximately 130. This represents a miniature state hospital 
and neuroloffical institute. Four of the wards are ‘closed’ and are for 
psychotic patients. Four other men and myself constitute the neuro- 
psychiatric section. All the men are well-trained and the work is shared 
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equally. I might add that the oft repeated complaint of men being mis- 
used and not assigned in their own specialties can receive no support 
here. Every psychiatrist regularly assigned on the post is practicing 
psycliiatry. 

“Nor are we in want for things to do. We are charged with thor- 
oughly working cases up and disposing of them. While medical and 
surgical cases which require prolonged hospitalization may be trans- 
ferred to general hospitals (ours is a station hospital of two to three 
thousand beds), we must dispose of all our patients locally. This means 
m akin g arrangements with State hospitals, relatives, and veterans’ hospi- 
tals. Informal staff conferences are held on problem cases and all psy- 
chotic patients are examined by a board of officers prior to discharge. 

“In addition to the ward work, consultation service which is prob- 
ably the more important, is rendered. Daily numerous consultation re- 
quests are submitted from all the other sections of the hospital. Before 
the pressure of work became so great, we would see many patients who 
complained of inability to perform duty because of flat feet. We quickly 
discovered that their disability was more often of psychogenic origin 
than of orthopedic origin and jokingly referred to these cases as “flat 
heads” rather than “flat feet.” 

“The cases of neurocirculatory asthenia, and there are many, are 
seen in conjunction with the cardiologist. We have more than our 
share of psychoneuroses of all varieties and descriptions, and it is inter- 
esting that once again the Charcot types of conversion hysteria are 
making their appearance. Bizarre gaits, hysterical convulsions and para- 
lyses, amnesias, etc., constantly try our patience and skill. 

“A majority of the many psychoneurotics and p^chotics we are 
called upon to see, give a history of previous similar disorder prior to 
induction or enlistment. Their reactions do not appear to be specific 
for war, and in the relative quiet and peace of a training camp, far 
removed from the theatre of operations and areas of combat, numer- 
ous cases are seen which in World War I were apparently mistakenly 
called shell shock. 

“One has a wonderful opportunity to observe the variations in “ad- 
justment thresholds” of different individuals. 

‘It is understandable how men, without previous mili tar y experi- 
ence, drawn from every conceivable walk of life, and thrown together 
and subjected to the same discipline and routine, in making such a 
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rapid and violent adjustment can break down. Nevertheless, it is in- 
teresting to witness the fact that many of these individuals, on ques- 
tioning, frankly admit that they are no worse for being in the army— 
that they “have always been that way.” 

“We see numerous epileptics who truly arouse our sympathy. So 
unlike the psychoneurotics, these men almost without exception plead 
to remain in the army, and as if they had committed some crime, beg 
for another chance. One cannot help thinking about their sad plight 
and wishing for some cure for them. The epileptic personality so fre- 
quently mentioned, is not in evidence in these men. In between attacks 
they are good soldiers, conscientious and willing. Unfortunately, but 
not without reason, they must be discharged. 

“Though we have seen a considerable amount, the organic neuro- 
logic disorders have been relatively rare. I have already told Dr. Brick- 
ner how, over a period of one year, we did not encounter one case of 
multiple sclerosis. Recently we have seen two or three. I can assure you 
that they were not overlooked and I hope not misdiagnosed, for I have 
been on the lookout for them. I doubt if their absence can be com- 
pletely attributed to careful screening by induction boards, for all do 
not have expert neurologists and other cases with obvious organic dis- 
ease of the nervous system have been passed through. For example, we 
have encountered some soldiers with Parkinsonism, several with hemi- 
paresis and oddly enough, four cases of typical myotonia atrophica. 
There have been occasional cases of brain tumor, post-traumatic epi- 
lepsy, acute meningoencephalitis, etc. 

“All this, however, was to be expected. What is unusual is the fre- 
quency with which our opinions are asked concerning disposition of 
patients and reclassification and special assignments of soldiers. It is 
gratifying to see how our advice is followed. 

“Men who have committed serious breaches of behavior are fre- 
quently referred from field outfits for psychiatric consultations before 
charges are pressed— on the assumption that ‘there must be something 
wrong with them.’ It is this attitude which is encouraging for the fu- 
ture of psychiatry. 

“Before a soldier is brought before a court martial, the officer in- 
vestigating the charges is required to consider the prisoner’s mental 
status, and observation and study is recommended when indicated. 

“Non-medical officers are alert to abnormalities in behavior, mental 
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retardarion and signs of nen^ousness. We need no publicity agent. All 
seem only too an.xious to utilize the psychiatric facilities which are 
available. They have learned how much we can help them. 

“The Surgeon General has stated that “The Army is in no sense a 
social service or curative agency. It is to be considered neither a haven 
of rest for wanderers, nor a corrective school for misfits, n’er-do-wells, 
feeble-minded persons or chronic offenders . . . men who present be- 
havior problems in the civilian community will certainly present in- 
tensified problems in the service.” How true this is! 

“General Cobum, the Surgeon at Fort Bragg, remarked to me once, 
how important the psychiatric service was to the army. This indeed 
represents progress when one considers how in civilian life in some 
places, psychiatry is still struggling for a place in the sun in the medi- 
cal world.” 

if? ^ 

My own experiences differed somewhat from those of the neuro- 
psychiatrists just read. 

On August II, 1917 when active in civilian practice, orders were 
received to report immediately to the Medical Officers Training Camp 
at Fort Benjamin Harrison, Indiana, where specialists and general prac- 
titioners were assembled for intensive training. 

The training at Benjamin Harrison proved invaluable in later ad- 
justment to army life, in cantonments and in a combat division in 
the AEF. 

Instruction was given in regular army tactics and manoeuvers, the 
function and duties at the many army hospitals, the actual erection of 
a tented Field Hospital, and intensive study of the School of the Soldier 
and the School of the Officer. 

After leaving Benjamin Harrison, I reported to Dr. Hutchins who 
was chief of the neuropsychiatric service in the Sist Division at Colum- 
bia, South Carolina. At that time there was an extremely serious epi- 
demic of epidemic cerebrospinal meningitis in camp, and although the 
disease stands on the borderline between general medicine and neurol- 
ogy, I was placed in charge and told that particular emphasis should 
be placed on the prevention of its spread. No opportunity was given, 
nor was there time to study the nervous and mental diseases in camp. 

In a few months, upon my request, orders were issued assigning me 
to St. Elizabeth’s Hospital in Washington, to study the nervous and 
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mental diseases, under the supervision of Dr. William A. White. The 
training at St. Elizabeth’s was invaluable. 

Working in Washington, and in close proximity to the Surgeon 
General’s Office, I soon received orders to go abroad and report to Dr. 
Thomas W. Salmon, Chief Consultant in Neuropsychiatry of the AEF 
in France, for duty, as division psychiatrist of a combat division. Upon 
reporting to Dr. Salmon at Savenay, France, he said he wished to talk 
with me and we entered a small room in a barracks, where he spent 
much time explaining the duties of a division psychiatrist and said that 
upon reporting to the division surgeon, my welcome might or might 
not be cordial, but to adhere to his, Dr. Salmon’s, instructions. 

His instructions were concluded with what seemed to' me a psycho- 
logical end rather than an approach, by stating that at the front I might 
not receive a scratch or I might have my head blown off. 

Rank means much in the army. The division psychiatrist holds the 
rank of major and upon presenting my orders to the acting division 
surgeon, who also held the rank of major, the first information he 
desired was whether he outranked the psychiatrist and upon obtaining 
the information that he did by two weeks, we carried on quite well 
for the duration of the war. 

The division psychiatrist was placed in charge of the nervous and 
mental cases in the Field Hospital, but it was soon realized that the 
greater number of cases were being sent farther to the rear and not 
to the Field Hospital. In Dr. Salmon’s instructions to me, this was one 
of the conditions he wished stopped. 

The division surgeon was consulted and privilege given to circulate 
in the division and converse with groups of regimental commanders and 
surgeons, company commanders, top sergeants, and other non-commis- 
sioned ofScers who were always in close contact with the men. 

It was explained to these officers that all nervous and mental cases 
were to be seen by the division psychiatrist either in their units or 
were to be sent to the Field Hospital for observation and treatment, 
and none were to be sent to the rear unless so ordered by the division 
psychiatrist. Splendid cooperation was obtained with the result that 
over 40 per cent of the men ill with neuroses were returned to their 
combat units and fought as bravely as the men who had never expe- 
rienced a neurosis. 

Then there was the soldier who had fought hard and long and who 
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could always be relied upon by his company commander, but who 
began to eat and sleep poorly, to lose weight, and seemed to have 
slowed up and become less interested. He was becoming less efficient 
in his work, and mked less with his buddies. On examination it was 
revealed that he was slightly depressed and extremely fatigued. 

On one occasion the division psychiatrist collected about 200 of 
these men and decided to take them out of the division for a two weeks 
complete rest. He felt that they were the potential or preneurotic 
cases and soon would become quite fixed neuroses. 

There was no room on the neuropsychiatric service in the Field Hos- 
pital for this large number of men and they were taken by the psy- 
chiatrist in trucks to Neurological Hospital No. 3, several miles to the 
rear. There was much eyebrow raising by the staff as they witnessed 
the men jump out of the trucks and await admission to the hospital. 
They were accepted on my diagnosis of mild depression and fatiguabil- 
ity. They received much needed rest in a quiet environment, mild ex- 
ercise, excellent hot food, and good sleep. In two weeks time, they 
were back with their companies, refreshed and very grateful because 
they were again in excellent health. 

Many years later, I was criticized by a member of the staff for 
having loaded the hospital with these non-neuropsychiatric cases, but in 
my opinion this was practicing preventive medicine in psychiatry at 
the front. 

The Major General commanding the division, had a good insight 
into the neuropsychiatric problems in a combat force and on one occa- 
sion the general sent for the division psychiatrist to report to him per- 
sonally at headquarters. The general was not entirely satisfied with con- 
ditions in certain units in the front lines and suspected that some of 
the officers were fatigued or nervous. He ordered the division psychi- 
atrist to visit these units and study the conduct and behavior of the offi- 
cers. He was to mingle, and mess with them, and obtain their opinions 
regarding the condition of the personnel in the units. Following the ob- 
servations and examinations, of all things, the psychiatrist was to report 
in person to the general and dispense with all paper work. As a result 
of the examinations and report, high ranking officers, many of whom 
had served in the regular army for many years, were relieved of duty 
to rest in the S.O.S. This experience greatly impressed the writer, for 
he had learned that no one seemed immune to a war neurosis. 



On another occasion during fierce combat in the Meuse-Argonne 
Offensive, a division psychiatrist was stationed at a triage or sorting 
station situated at a cross-roads, where ambulances could receive the 
wounded and ill and take them to various hospitals for treatment. It 
was necessary to write the diagnosis and destination on tags attached 
to the soldiers. The shelling of the cross-roads by enemy artillery was 
terrific, and this psychiatrist developed a coarse tremor ,of the hands 
of the greatest amplitude, both upon intention and at rest. This tremor 
did not cease until the day’s work was over and he returned to the Field 
Hospital. The division psychiatrist who involuntarily demonstrated this 
tremor was myself. 

The mild psychoses and war neuroses were treated by using per- 
suasion, suggestion, almost constant personal attention, hot food, rest, 
and sedatives to induce sleep at night. 

Many incidents which occurred in the division aided in the treat- 
ment and recovery of the neuroses. One in particular was on the day 
that Sergeant York, a soldier in the division, almost single handed, 
brought in his string of German prisoners. This remarkable feat rapidly 
circulated throughout the division, and the division psychiatrist lost 
no time in using it for therapeutic purposes. 

After the armistice was signed, I was sent to Germany with the 
American Army of Occupation, to serve as Chief of Neuropsychiatric 
Unit No. I, Evacuation Hospital, No. i6 at Coblenz. The hospital was 
new, modern, and had an excellent hydrotherapy department. After 
many months in fields and forests, I greatly appreciated the bathing 
facilities but was very conscious of the fact that I was now many miles 
farther removed from home. 

The neuropsychiatric service was organized and directed as in large 
general hospitals in the United States. The most common psychoneu- 
rotic illness seen was a nostalgia with a mild depression or melancholia. 
Psychoses were treated. Epidemic encephalitis, cerebral vascular acci- 
dents, and alcoholics were also treated. 

Therapy was not too successful because the hospital was only one 
block distant from the depot, and hospital trains arrived twice a week 
to remove the ill from Germany to the United States. The patients 
realized this, and I became convinced that the best therapy was dis- 
charge from the hospital with destination the United States. 

When I received orders to return to the United States via Brest it 
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was necessary, in, order to secure passage on a vessel, to assume charge 
of a group of neuropsychiatric cases, and take them to Army Hospital 
No. I in New York City. The types of cases were quite dilferent from 
those examined and treated during actual combat. The group was made 
up of homosexuals and syphilophobias. 

During the present World War II, as a member of a Medical Advi- 
sory Board I have disqualified for military service 8o per cent of the 
registrants examined. This high percentage of disqualifications is pos- 
sibly the result of the experience gained in World War 1. 

In conclusion, I believe that the same neuropsychiatric problems 
will be met with in this war as were encountered in World War I, and 
that when ultimately the Allied Countries win the war, no small credit 
will be due the neuropsychiatrists who sincerely and conscientiously 
have performed the many duties assigned to them. 
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PREFRONTAL LOBpTOMY* 

The Surgical Relief of Mental Fain 

Walter Freeman 

Professor of Neurology, George Washington University School of Medicine 

AND 

James W. Watts 

Associate Professor of Neurosurgery, George Washington University School of Medicine 


m Prefrontal lobotomy^ is the latest development in the 
g field of psychosurgery, and thus far the most exact and 
3 controllable. It is the logical sequel to the local cortical 
a extirpations carried out by Burckhardt" in the last cen- 
^ tury, to the transcortical incisions attempted by Puusepp^ 
before the first World War, to the brilliantly conceived prefrontal leu- 
cotomies of Egas Moniz^ and to the drastic prefrontal lobectomies® car- 
ried out now and again by European and American neurosurgeons. By 
psychosurgery we wish to designate surgical operations upon the ana- 
tomically intact brain, in the effort to relieve mental symptoms. Psycho- 
surgery is thus a far different procedure from the extirpation of tumors, 
cicatrices and other lesions that are causing symptoms and whose re-, 
moval is imperative for reasons of survival or health, Psychosurgical 
operations are comparable to operations upon the sympathetic nervous 
system or upon the pain pathways of the central nervous system, in that 
anatomically normal structures are sacrificed in the interest of the health 
of the patient. Psychosurgery relieves mental pain. 

It may be well at the start to admit that considerable prejudice 
exists in relation to psychosurgery. For many it would seem unjustifi- 
able (to use no stronger term) to sacrifice man’s greatest heritage, the 
frontal lobes, merely in the interest of his greater comfort and freedom 
from fear and self consciousness. Moreover, a gloomy picture exists of 
the condition of the individual who has suffered any considerable loss 
of frontal lobe tissue. We were all brought up on the story of Phineas 
Gage, the railroad construction foreman of a ’century ago, whose crow- 


* Read October 22, 1942 in the fifteenth Graduate Fortnight of The New York Academy of Medicine. 



Prefrontal Lobotoiny 


795 


bar was blasted through the top of his head.® Some of us have seen the 
skull and the crowbar. Furthermore, we have followed with interest 
the studies on the functions of the frontal lobes from the time when 
BianchF and Ferrier® first called to our attention the changed personali- 
ties of the animals operated upon. The “tumor” studies followed, and 
then the “war injury” studies, and within the past decade there have 
been many cases of unilateral frontal lobectomy® and a few of bilateral 
frontal lobectomy^® for tumor or for epileptogenic scars, with critical 
studies on the remnants of the patients’ personalities. Out of these stud- 
ies has come the picture of the “defrontalized dement,” a being without 
shame and without ambition, lacking in all the finer qualities that make 
a man what he is, and debased to the level of the brute. 

We do not wish to go to the other extreme and claim for patients 
who have undergone prefrontal lobotomy more than the average quota 
of virtues. Patients do lose something in the process, and we shall devote 
considerable time to the presentation of these defects. What we wish 
to emphasize is that in assessing the results of prefrontal lobotomy, the 
total behavior of the patient both before and after operation is critically 
studied, with whatever information can be obtained from the family and 
close associates of the patient. Just because the patient is relieved of 
mental distress and is again cheerful is no reason for calling the opera- 
tion a success, even though a contented drone is more bearable than a 
complaining one. Enough patients now, have been returned to their 
homes able to manage them and to work for gain, who previously have 
necessarily been confined in institutions to make us optimistic about 
eventual results. It would seem that in certain cases the elimination of 
part of the activity of the frontal lobes has been of advantage to the 
total personality. 

The problems in prefrontal lobotomy have gone beyond their first 
stage of hit-or-miss production of destructive lesions of the frontal lobes 
and waiting to see what the effect would be. With continued study of 
the procedure over the past six years, we have developed an operative 
technique that has certain merits of precision, and we have followed all 
of our 136 patients with periodic surveys, so that we know for these: 

1. Where the induced lesions are. 

2. \'\Tat the results are to date. ' 

It is well to conclude this introduction with a brief description of 
the operative technic.^^ 
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Prefrontal Lobotomy 

We prefer local anesthesia, since the patient can then report his 
feelings and ideas as well as respond to tests. Only in disturbed or ap- 
prehensive patients is a general anesthetic necessary. The patient’s scalp 
Is shaved to the vertex and the coronal suture and midline are marked 
out on the sterilized scalp. The coronal suture is then exposed on 
each side by incisions 4 cm. long, going down through skin and 
muscle, and burr holes are placed in this suture 6 cm. above the zygoma. 
This opening is enlarged by small rongeur bites in the suture, the dura 
is opened and an avascular portion of the exposed cortex is penetrated 
by a sharp knife. The field is then prepared for cooperation of the sur- 
geon and neurologist in making the subcortical incisions (Fig. i ) . 

The neurologist (or in his absence, the surgeon's assistant) sits be- 
hind the surgeon with his eyes in the extended plane of the coronal 
suture. Since this landmark is so constant and so easily outlined, it is 
closely adhered to throughout every operation, although deviations 
may be indicated under special conditions. The surgeon first finds the 
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Fig 2 — A blunt knife, witli heniostat attaclied, severs the subcortical 
white matter in the plane of the coronal suture. 


midline by introducing a cannula directly toward the opposite opening. 
Resistance is usually perceived at a depth of 5 or 6 cm. If no change in 
resistance is felt, it means that the cannula has penetrated the knee of 
the corpus callosum; in which case the cannula is withdrawn and angu- 
lared toward the verte.v until it impinges upon the falx cerebri, but al- 
ways in the plane of the coronal suture. If the cannula enters the ven- 
tricle it is withdrawn and angulated slightly forward, bur it does not 
seem to matter much if the incision does enter the ventricle. 

A further landmark is found in the sphenoidal ridge by introducing 
the cannula downward toward the base of the skull. If the cannula pene- 
trates more than 5 cm. it is probably behind the sphenoidal ridge and 
in the middle fossa, a dangerous area from the standpoint of bleeding. 
In such cases, ree.vamination of the markings is advisable, since it is im- 
perative to keep the incisions as close as possible to the plane of the 
coronal suture. 

When the surgeon is satisfied with his landmarks, he clamps a hemo- 
stat on the shaft of a blunt knife (we use Killian’s nasal septum perios- 
teal elevator) and introduces the instrument to a depth short of the 
midline (beware the anterior cerebral artery!) and begins the fan- 
like incisions in the frontal lobe (Fig. 2). During this procedure the neu- 
rologist guides the surgeon, keeping the knife and the hemostat both in 
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Fig. 3A & B.— Lateral (A) and frontal (B) roentgenograms showing 
the location of the lobotcmy incisions. 
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the plane of the coronal suture, by means of constantly correcting the 
surgeon’s tendency to deviate from this plane. The depth of the incision 
must be judged by the surgeon, any increased resistance beuig the sig- 
nal for withdrawing the instrument as a precaution against lacerating 
an artery. Once the primary incision has been made, it is safe to deepen 
the incision by radial thrusts of the knife that will push any intruding 
artery before it and at the same time reach the more peripheral parts of 
the white matter in the frontal poles. 

The upper and lower half of each frontal pole is thus transected 
subcortically, or in another manner of speaking, the 4 quadrants of the 
frontal lobes are sectioned. Bleeding is minimal unless the corte.x is tres- 
passed upon. At the end of the operation, iodized oil is introduced into 
the depths of the incisions for roentgenographic control (Fig. 3). 

Secondary operations are not infrequently necessary. In some cases, 
if the roentgenograms show that the mesial portions have been missed, 
the incisions are reopened and the knife plunged deeper. In others, new 
burr holes are placed in the coronal suture or i to 2 cm. behind it and 
3 cm. lateral to the midline, and fresh incisions made in the white mat- 
ter of the superior frontal gyrus medially and laterally, to connect with 
the previous incisions, thus insuring more complete subcortical amputa- 
tion of the frontal poles. 

Shock is minimal and complications are few. The patient is able to 
stand and walk within an hour after operation, will even offer to get off 
the operating table and walk back to his room. Such offers are firmly 
declined! As soon as the stitches are out, he is encouraged to sit up and 
in a week or so to walk about the hospital. He can usually be dis- 
charged in ten days. We mention these facts in order to emphasize the 
mild effects of lobotomy as compared with lobectomy. 

The mental state of the patient alters abruptly with the completion 
of the incision of the fourth quadrant, irrespective of which quadrant 
is sectioned last: upper, lower, right or left. Even with three quadrants 
incised, the conscious patient is still oriented, can carry^ out intellectual 
problems of considerable complexity, and, although quieter, may still 
report anxiet)'- or distress almost as great as before operation. In a mat- 
ter of seconds after incision of the fourth quadrant, the patient becomes 
unresponsive, disoriented, confused and is freed completely from liis 
anxieties. Pulse and blood pressure fall rapidly to normal, the extremi- 
ties become warm and pink, flushing and sweating occur over the ex- 
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posed forehead and the patient appears to go quietly to sleep. Some pa- 
tients are more lively and engage the neurologist in lively and some- 
times humorous conversation or even sing, on request, some wellknown 
song, say their prayers and so on. But they are unable to recall any- 
thing concerning their immediate surroundings, and even when the skin 
sutures are being placed, may deny that they have been operated upon. 
This disorientation is so characteristic that it is used as a yardstick for 
satisfactory operation. While it does not always occur on the operating 
table, if it is not present on the first postoperative day, it is likely that 
the operation will be a failure and that the preoperative symptoms will 
return within a short time. 

Postoperative Condition 

The first few postoperative days are marked by phenomena that 
are quite peculiar to prefrontal lobotomy and are far different from the 
usual occurrences observed following most intracranial operations. 
There is no discomfort beyond slight headache, the fever may reach 
102° F. for a day or two, the pulse and blood pressure are usually undis- 
turbed, and aside from vomiting and urinary incontinence, there is little 
of note on the clinical chart. Patients are often reading, or rather, scan- 
ning newspapers or magazines on the second day, and they play with 
objects such as the bed light or the bell cord, or pick at their bandages 
by the hour. We have found that a rubber doll will absorb a lot of 
attention and divert it from the bandages. The appetite returns by the 
third day and the sphincters usually come under control within that 
same period. By the end of a week orientation returns, the patient still 
spends a good deal of time in relaxed idleness, and responds pleasantly 
when aroused. There is no aphasia and no ataxia, the only neurologic 
signs noted during this early period being a smoothing out of the facial 
expression, plateau type of speech and incontinence. A fleeting Ba- 
binski sign may be found, but seldom reflex grasping. Patients who 
have been sick less than a year usually admit freely that their worries 
and depression have lifted; those who have been sick for a long time will 
continue the same complaints if they are asked about them, but without 
the emotional intensity that marked the preoperative condition. Not 
infrequently, there are witty replies and a dash of profanity. Restless- 
ness, talltativeness and singing are occasionally noted, but disturbed be- 
havior is quite uncommon. With the beginning of the second week the 




Brefrontal Lobotomy 


8 o I 



ABC 


Fig. 4 — Characteristic alterations in facial expression following prefrontal lobotomy. 
Schizophrenic of four years institutionalization. A. Before operation. B. Five days 
after operation. C. Six months after operation. 


inertia clears, or the hyperactivity dies down and the patient is allowed 
to go home or to some institution for convalescent care (Fig. 4). 

The convalescent period may last but three weeks or it may last for 
a year or more, depending upon the chronicit)’’ of the case, the opera- 
tive success, the previous behavior of the patient and so on. It is during 
this period that the patient is learning to readjust to living conditions 
with an altered personality, and also bringing that altered personalia' 
into line with the accepted norms of his group. It is not always an easy 
task, either for the patient or for the family. 

S 0 CLA.L Behavuor 

The individual who has undergone prefrontal lobotomy is different 
from his prepsychotic self, although some indulgent families do not rec- 
ognize the difference. He is apt to be more indolent, although some 
patients are very industrious-, he is outspoken, saying the first thing that 
comes into his head rather than waiting an instant to judge the effect his 
response will have upon his audience. Patients aclcnowledge being hasty, 
undiplomatic, tacdess. There is a certain directness of reply, maybe 
couched in the vernacular, that arrests the attention of the listener. 
When patients have said or done something that has undesirable con- 
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Table I 

STATUS OF PATIENTS FOLLOWING PREFRONTAL LOBOTOMY 


Disease 

No. 

Regularly 

Employed 

Studying or 
Partially 
Employed 

House- 

Keeping 

At 

■Home 

Insti- 

tution 

Dead 

Involuntional Depressions 

62 

6 


27 

1 

11 ! 

6 

8 

Obsessive Tension States 

30 

i 

12 


5 

7 


2 

Schizophrenias 

31 

•i 

7 

i 

11 

D 

1 

Psyclioneurosis 

S 



2 


B 


Undifferentiatefl (Scliizoid) 

5 

1 

1 

1 

1 

B 


Totals 

136 

27 

16 

39 

30 

13 

1 


sequences, they are genuinely sorry and often apologize. The emotional 
reactions are brisk, but shallow and short-lived. Patients laugh more, 
and flare up in petulance, but the storm is over almost before the family 
can prepare for it. There is none of the brooding melancholy, the hurt 
feelings, the grim silences. Consequently these patients can be treated 
a good deal like children, with affectionate references to their irrespon- 
sible conduct. They harbor no grudges. 

The intelligence is intact. This is shown not only by formal tests, 
but also by the abilities as shown in everyday life and the working out 
of individual problems in occupation. The use of the intelligence is quite 
varied, however, depending not only upon its original quantity, but also 
on its training and more particularly upon the residual of self-conscious- 
ness and ambition that remains to the patient. Very complete subcorti- 
cal amputation leaves the patient permanently crippled as far as effec- 
tive use of the intelligence is concerned. Inadequate operation permits 
the return of the emotional distress that prior to operation prevented 
the patient from making effective use of his native endowment. A sat- 
isfactory operation relieves the misery and leaves the patient with his 
intelligence not only intact, but freed from the bonds of linkage with 
the self. We have taken particular pains to ascertain the occupational 
adjustment of our patients (Table I), and find that' the majority are no 
longer dependent but are usefully even if not gainfully employed. 
When it is recalled that many patients in the younger schizophrenic 
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Fig. 5 — Anterior thalamic radiation 
(-f-) in the -t months child. This tha- 
lamo-frontal fasciculus becomes mye- 
linated at a time when 'tiie associa- 
tion fibers are still immature [From 
Flechsig'’]. 

group have never had jobs, and that the oldsters had retired, this record 
is not bad. Indeed, with two e.xceptions, patients who were working 
shortly prior to operation have been able to return to their employment. 

The social behavior, then, is usually quite adequate, and the minor 
deviations are noted chiefly in hastiness and laziness neither of which 
IS beyond the limits of normal, although both are novelties when the 
prepsychotic condition of the patient is considered. Teasing, exuber- 
ance, vulgarity, extravagance, gluttony and childishness are of uncom- 
mon occurrence after the convalescent period is past. 





Modus Operandi 


As was mentioned in an earlier section, iodized oil is injected into 
the incisions at the end of operation for roentgenographic control. Fur- 
thermore, we have had the opportunity to examine a few specimens 
post-mortem from successful and unsuccessful cases. As nearly as we 
can judge, the successful incision cuts through the white matter of the 
frontal pole just in front of the anterior horn of the ventricle and the 
genu of the corpus callosum. It remains strictly in the frontal lobe, but 
may cut slightly into the sylvian fissure in its anterior extension. The 
white matter is not completely interrupted, there being bands of fibers 
of considerable size all around the fan-shaped incisions. Study of the 
architecture of the frontal lobe connections in relation to these incisions 
demonstrates that some fibers of the corpus callosum, some of the su- 
perior longitudinal and inferior longitudinal fasciculi and the occipito- 
frontal fasciculus have been interrupted.^- The fasciculus uncinatus ap- 
pears to escape. Most importantly, we believe, the anterior thalamic 
radiation is more or less completely cut across at this level, and the fas- 
ciculus cinguli is sectioned in some cases (Fig. 5). 

We have been unable to detect retrograde alterations in the cells of 
the cortex of the frontal pole. On the other hand, the cells of the nu- 
cleus medialis dorsalis of the thalamus show important degenerative 
changes, which increase directly with the extent of the lesion in the 
frontal lobe. This is the nucleus that projects to the frontal lobe as 
shown not only by animal experiments, but also by myelinization studies, 
and even by gross dissection (defibrillation) of this part of the brain 
(Fig. 6). In summary, the operation of prefrontal lobotomy works 
through interruption of the system of fibers running from the thalamus 
to the frontal pole, without disturbing to any considerable degree the 
organization of the cerebral cortex. That some general shrinkage takes 
place in the frontal poles is evident in the gross specimens and also in 
the encephalograms taken on patients a couple of years after prefrontal 
lobotomy. The atrophy is slight in comparison with Pick’s disease. The 
integrity of cortical activity is confirmed by the relative normality of 
most electroencephalograms taken some months after operation (Fig. 7). 

A number of intelligent patients who have been able to furnish us 
with the results of their introspections have helped us to build up a 
certain series of ideas in regard to the effect of these incisions. Most im- 
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Fig. G — Defibrillation preparation of adult brain showing anterior thalamic 
radiation [From Hultkrantz*’]. 
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Fig. T — ^Electroencephalograms from a case of chronic agitated de- 
pression [Kindness of Doctor Robert Cohn’]. 


portant among these is that prefrontal lobotomy diminishes the interest 
that the patient takes in his own feelings, sensations, reactions and am- 
bitions, At the same time, there is a vivid interest in things outside him- 
self. All tests show this trend toward extraversion. The patient enjoys 
life because he no longer suffers from indigestion; he is tactless because 
he no longer considers the consequences of an inept phrase; he is indo- 
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lent because he no longer is driven to attain that ideal of the self that 
he originally set in life. It is a very personal reaction, and also, as far as 
we can judge, almost entirely an emotional one. Patients know that their 
clothes are too tight, but they continue eating; they know that their 
tasks weigh too lightly upon them, but they prefer to read the comics; 
they know that their profanity is offensive but they do not care to 
bridle their tongues. As one man said of his wife: “She’s so full of don’t- 
give-a-damnness.” The operation of prefrontal lobotomy would seem 
to produce its effects by divorcing imagination and affect as they relate 
to the self. Imagination and affect are both lively but they are turned 
outward rather than linked to the individual himself. 

In certain previous studies we^^ have called attention to the function 
of foresight as being an important one carried out by the frontal lobes. 
We have observed this. function badly disturbed for a period of time 
following operation, and then return. However, foresight in the recov- 
ered patient seems to turn, much more to external things than to inter- 
nal. This is shown in the successful occupational adjustment of patients 
whereas in their interpersonal activities, the qualities of abruptness, sau- 
ciness, tactlessness, and occasional lofty intransigeance may furnish a 
startling contrast, particularly to the people who knew these patients 
previously as reserved, dignified, sensitive people. Patients know that 
they have behaved foolishly once the act is committed, and they may 
apologize for it but they cannot seem beforehand to form a mental pic- 
ture of how they will appear after the act is performed, and even if they 
can, they do not have the emotional component that will restrain them 
altogether from saying the first thing that comes into their minds. We 
have often advised these people to get into the habit of counting ten 
before they speak, but they seldom get beyond five. It must be said, 
however, that their words and acts, once they have recovered their bal- 
ance, seldom give offense. They are taken as ingenuous expressions of 
enthusiastic personalities. 

Prefrontal Lobotomy and Psychopathology 

Prefrontal lobotomy reduces in greater or lesser degree the inten- 
sity with which the individual regards himself. Stated more succinctly, 
the operation bleaches the affect attached to the ego. Whether this is 
a good thing will have to be determined by examination of the rela- 
tionship of these two functions in the sick individual rather than upon 
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theoretical grounds as related to the normally functioning personality. 

The mentally sick individual is fundamentally a person whose idea- 
tional activities revolve largelj^' around himself, whose interest in the 
outside world is more or less markedly restricted, and whose affective 
experiences largely dominate his behavior. The hypochondriac shows 
this just as clearly in the somatic field as the paranoid does in the social 
field. The obsessive thinker may have insight into the falsity or fool- 
ishness of his ideas but he is just as unable to control them as the schizo- 
phrenic is unable to control his hallucinations. Indeed, we have arrived at 
the opinion that it is not the ideas that matter; anybody may have the 
most abnormal ideas and still retain his mental health. It is the fixation 
that counts. When an idea becomes fixed, it is no longer harmless and 
may produce serious results. We have drawn the comparison of such 
fixed ideas with the sensitized photographic film. When light falls on 
such a film through the lens of the camera, there is a certain physical 
alteration in the silver emulsion that cannot be detected until a reducing 
agent is applied. Once the developer acts, the image is brought out. If 
the developer is allowed to act for a long time, the silver is all reduced 
and the image fades back into obscurity. If, however, at the proper 
time, a fixative is applied, the image remains in spite of further light 
and further chemical reduction. It is the fixation that causes the image 
to persist. 

Now, in the case of abnormal ideas, as was said before, anybody 
can have them and still remain normal, but if such ideas become fixed, 
they have not only permanence but also no.xious potentialities. And, if 
we are correct, it is emotion that fixes the ideas. Further elaboration 
of pathologic ideas consequent upon the fixation involves such phe- 
nomena as delusions, obsessions, compulsions, states of tension, suicidal 
ideas, and, through possible exhaustion and independent “firing” of dif- 
ferent cortical areas, to hallucinations, stereotypy, mannerisms, verbi- 
geration and all the welter of schizophrenic symptomatology. 

We do not insist upon acceptance of this concept of elaboration of 
psychotic symptoms, but it is quite noteworthy that prefrontal lo- 
botomy is followed by loss of interest (affect! ) in the hallucinatory and 
delusional experiences as well as in the bodily sensations, obsessions and 
so on, even though these phenomena persist for a time. As one very 
intelligent patient expressed it, “The sensation has moved from the cen- 
ter of .my attention to the periphery.” The cutting of the thalamo- 
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frontal radiation has thus deprived the ideational activities of their power 
to distress the patient. He is no longer affectively observant of his inner 
experiences and can therefore turn his attention to happenings in the 
outer world. The same pathologic ideational activities persist for a 
longer or shorter period, and the motor manifestations are brought 
under control even more slowly, but the bleaching of the affect has 
acted to return the ideas to the misty obscurity of the unimportant. 

One might say that through the operation of prefrontal lobotomy, 
the destructive imagination of the patient is reduced to the point where 
he can again live at ease with himself and' that the constructive imagina- 
tion is relatively intact as far as external things are concerned. The great 
reduction in the consciousness of the self, however, renders the social 
readjustment of the patient a difficult matter at times, precisely because 
of his lack of concern about himself. Since it was his concern over him- 
self and his own situation that seemed in large measure responsible for 
the mental breakdown in the beginning, the operation represents a radi- 
cal attack, literally as well as figuratively, upon his psychosis. Further- 
more, the disparate effects upon the patient and upon the family are 
apt to be of some moment in certain patients. If the patient is relieved 
of his burden of psychosis to the extent that his ebullience becomes a 
matter of uneasiness and hardship to the family, the result, from the so- 
cial standpoint, leaves something to be desired. 

We have to estimate the prepsychotic behavior of the individual 
before going ahead with the operation. Patients who have shown ag- 
gressive, psychopathic, criminal and alcoholic traits are refused opera- 
tion no matter how clamorous they are, on the ground that their be- 
havior after operation might be too offensive for social tolerance. Un- 
fortunately for their families (the patients are always pleased) some 
cases have slipped by us without sufficient preoperative estimation and 
have proved troublesome problems. Also, we believed on theoretical 
grounds that alcoholics, if they were relieved of their states of tension 
would become good citizens. A couple of bitter experiences have taught 
us that prefrontal lobotomy is no cure for alcoholism. Flowever, only 
one patient has developed alcoholism following prefrontal lobotomy. 

Results of Prefrontal Lobotomy 

The tabulated results of prefrontal lobotomy (Tables I and II) may 
be viewed as too optimistic, particularly after the foregoing discussion 
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Tabm II 

RESULTS OF PREFRONTAL LOBOTOMY 


Disease 

No. 

Results 

Deaths 

Good 

Fair 

Poor 

operative 

Subsequent 

Involutional Depressions 

62 

1 

48 

10 

3 

1 

1 

7 

Obsessive Tension States 

30 

22 

i 

2 

2 


Schizophrenias 

31 

21 

5 

0 


1 

Psychoneurosis 

8 

6 

1 

1 ! 



Undifferentiated (Scliizoid) 

5 

1 

3 

1 



Totals 

1 

136 

98 

23 

12 

3 

8 


of the erratic behavior of the patients as described in previous sections. 
On the other hand, the figures include a number of patients who were 
operated upon during the first year of our endeavors (with the inade- 
quate Moniz technique) and recent results have shown improvement. 
Moreover, with the passage of time there is often further improvement 
in the social adaptation of the patients, even through the third and the 
fifth year. This is in striking contrast with the results reported from the 
shock therapies, where relapses are not uncommon. 

The factor of choice of patients is obviously important. During the 
first years, the emphasis was upon the involutional psychotics, and few 
schizophrenics were chosen for operation. Then, as relapses occurred 
from insulin and metrazol shock therapy, prefrontal lobotomy was em- 
ployed in some of these cases. The patients selected were those whose 
families could afford rather satisfactory aftercare, and the majority of 
patients had not been institutionalized over any long period. It is not 
to be expected that results similar to ours could be obtained in chronic 
institutional patients, although we have noted some strikingly success- 
ful instances in patients hospitalized for more than five years. 

It will be seen from the figures that the most successful cases are 
classed as obsessive tension states, with or without compulsions. These 
patients are intelligent and have considerable native energy drive, and 
they have not become dissociated. However, they are apt to be slow 
in making a satisfactory social adaptation because of the tendency to 










B 

Fig. 8 — Photographs of a patient with agitated depression of eight 
years duration. (A). Before operation. (B). One year after 
operation. ' 

aggressive behavior. In this connection, I may quote a paragraph from 
a letter received from the father of a patient: “A sense of gratitude, 
approaching mild elation is very noticeable, that his old difficulties are 
now gone forever. He speaks of getting married sometime and having 
children. Better judgment is also manifesting itself. He is not quite the 





Prep'ontal Loboto??iy 


8 I I 


same David he used to be and probably never will be. With the passing 
of the intense, subjective emotionalism, a little of the good- might also 
be lost, but this is of httle moment, for a self directing hopeful person- 
ality is emerging, and this means everything.” 

The patients suffering from involutional depression are very satis- 
factory as a rule, although quite a number of them remain at home 
without useful occupation. In these cases, the illness has often led to 
retirement from business or domestic responsibility some time previous 
to operation, and the patients remain in retirement. We are particu- 
larly interested in relifeving these patients of the burden of an over- 
worked conscience, believing that even if they are unable to resume 
their former responsibilities, they deserve a modicum of comfort in 
their advancing years. It may be argued that these patients respond 
particularly well to shock therapy and that prefrontal lobotomy is un- 
necessarily, radical. Shock therapy has been tried unsuccessfully or with 
relapse in most of these patients. The others have been of the type that in 
our opinion would not respond satisfactorily to shock therapy (Fig. 8). 

As far as schizophrenics are concerned, the results leave much to 
be desired. This is true, however, of any treatment with which we are 
familiar. The surprising thing is that so many of them have been able 
to get along outside of an institution even if not usefully employed. The 
patients in the other groups are too few for any vahd conclusions. 

Summary and Conclusions 

1. Prefrontal lobotomy interrupts the connection between the fron- 
tal lobe and the thalamus, thereby reducing the emotional reactions of 
the patient as regards himself. This loss of painful self-consciousness in 
the psychotic patient is followed by reintegration of the personality 
with the ideational activities directed outward. 

2. Intelligence is unharmed, but the application of that intelligence 
to the interplay of social and personal influences concerning the indi- 
vidual himself is diminished and in some patients results in indolence 
and lack of tact. 

3. Many patients are able to reach their prepsychotic level of occu- 
pational adjustment. Some do even better. 

4. Failures are due to: 

a. Inadequate operation. This may be corrected by a secondary 
more complete lobotomy. 
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b. Too extensive operation. It is better to cut too little than too 
much. 

c. Inadequate evaluation of the aggressive traits of the patient pre- 
vious to the development of his psychosis. 

d. Emotional deterioration. When the psychotic patient has given 
up the fight, it is probably too late for psychosurgery. 

5. Old people whose lives are a burden to themselves by reason of 
psychosis are particularly good subjects for prefrontal lobotomy be- 
cause of the serenity of disposition that follows operation. 

6. Best results are obtained in obsessive tension states. Good results 
are obtained in involutional depressions. Fair results are obtained in schi- 
zophrenias. Poor results are obtained in alcoholism. 

7. Finally, prefrontal lobotomy is comparable in its effects with the 
neurosurgical operations directed toward the relief of pain; only in these 
cases it is mental pain that is relieved. 
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BRAIN ABSCESS'^ 
Joseph E. J. King 

Director of Neurosurgery, Bellevue Hospital 


IS the intention of the author to present this paper in 
ordinary everyday language, having in mind the mul- 
tiple interests of this audience in contrast to a group 
more specifically interested in neurology and neuro- 
surgery. 

A brain abscess may be located in the cerebrum, cerebellum or 
brain' stem. This paper concerns itself only with those in the cerebrum 
and cerebellum. An abscess may be termed acute or chronic, for the 
sake of discussion, although the surgical definition of a true abscess 
carries with it the meaning that the lesion is circumscribed and walled- 
off. In the beginning of the process, the condition is that of localized 
encephalitis regardless of the method of introduction of the infecting 
organisms. There is an inflammatory leukocytic infiltration with edema. 
The surrounding brain substance becomes softened, breaks down and 
necrosis ensues. The necrotic area liquifies and becomes a small “core” 
of pus and detritus contained in an ill-defined cavity without a real 
wall. About this suppurative focus, necrosis of the brain substance lining 
the irregular, non-encapsulated cavity, continues with formation of 
more pus. The cavity is lined with shaggy necrotic tabs of hemorrhagic 
brain tissue. Beyond the necrotic zone there is a layer of markedly 
edematous brain substance. The edema is marked and extends most 
rapidly in single metastatic lesions. 

The suppurative process may extend, without being limited, into 
the meninges or ventricle, which may prove fatal. Should the protective 
reaction of the brain be sufficient, the suppurative process becomes lim- 
ited, the edematous area is lessened, the accumulated pus is walled-off 
or “encapsulated” and a chronic brain abscess results— a most fortunate 
occurrence. 

The wall of the abscess may have a thickness of from i mm. to % " 

* October 15, 1942 in the fifteenth Graduate Fortnight of The New York Academy of 

Medicine. 
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or Yz", the usual thickness observed being about 2 to 4 mm., requiring 
from three to five weeks in its formation. The wall may be so firm 
that the lesion could be mistaken for a solid tumor. In fact, instances 
are reported in which the entire abscess was removed as a tumor, and 
its true identity was not detected until sectioned. 

The type of organism producing the abscess, and the amount of 
resistance offered by the brain substances, influence the formation of 
an abscess wall. In cases where certain anaerobic organisms are present, 
there is little tendency to walling-off. The wall may be quite firm, 
thick and resistant, due to the presence of a larger amount of fibrous 
tissue. On the contrary, some of the well-defined abscess walls, even 
though 2 to 4 mm. thick, are soft, friable and easily perforated or torn. 
All are not alike in this respect. 

The wall is thickest at the pole of the abscess near the involved 
bone, external pole in temporal and frontal abscesses, and anterior or 
internal pole in most instances of cerebellar abscesses. The inner wall, 
the so-called “pyogenic membrane” is fairly smooth. The color of its 
inner surface is usually yellow or pinkish yellow. The outer wall usually 
has the dark brownish red color of a decaying cherry, or it may be gray. 

In an early abscess that ismot encapsulated, and before definite, firm 
encapsulation has taken place, the contents are not homogeneous. They 
consist of a supernatant yellow, oily, murky liquid and a residual thicker 
fluid made up of pus and brain debris or detritus. In chronic abscesses 
with a firm wall, the pus is usually thick and yellow or greenish-yellow. 
It may have no odor, or the pus may be very fetid and foul-smelling. 

The shape of most abscesses is ovoid, with the smaller pole directed 
toward the infected bony cavity from which the infection spreads to 
form the abscess. Other abscesses, especially single, metastatic abscesses, 
are more likely to be spherical. In instances where the abscess has spon- 
taneously evacuated itself through the cribiform plate or through the 
external auditory canal, the abscess may be the shape of a fig, sur- 
rounded by pericapsular purulent necrotic brain substance. 

Abscesses most amenable to surgical treatment range from the sizes 
of a large malaga grape to that of an orange. The usual size is about that 
of a golf ball or a tangerine. The amount of pus contained varies from 
one or nvo teaspoonfuls to over seven ounces, the most observed by the 
author in which recovery took place. The average capacity is from one 
to three ounces in cerebral, and about one ounce or less in cerebellar. 


Brain Abscess 


815 


Any of the pyogenic organisms may produce a brain abscess, the 
most common being Streptococcus haemolyticus. Some are due to the 
pneumococcus, the staphylococcus, colon bacillus, etc., or the or- 
ganisms may be mixed. Some abscesses contain sterile pus. Anaerobic 
organisms probably play an important, role, especially in metastatic 
abscesses. 


Source of Infection, and Location of Abscess 

1 . Otitic infections: mastoiditis, otitis media, necrosis of the petrous 
pyramid, thrombosis of the lateral sinus, etc. 

2. Infections of the accessory nasal sinuses. 

3 . Metastatic. 

4. Various diseases of the skull: osteomyelitis, malignancy, actino- 
mycosis, etc. 

Abscesses resulting from otitic infections are usually located in the 
homolateral temporal or cerebellar lobe, or both, the temporal region 
being more commonly involved. Involvement of the contralateral hemi- 
sphere may take place, in which the infection spreads through the sin- 
uses. This is not common. The temporal portion of the temporosphe- 
noidal lobe is involved more often than the sphenoidal. In the case of 
cerebellar abscesses, the outer inferior portion of the lobe is more fre- 
quently the site of the lesion, but it may be central in position. 

An abscess secondary to infections of the nasal accessory sinuses 
usually involves the frontal lobe. It occupies, as a rule, the anterior pole 
of the lobe extending backward, upward and outward, external to and 
above the anterior horn of the lateral ventricle. However, it may be sit- 
uated in the lower internal portion of the lobe nearer the falx and base 
than to the cranial vault. The homolateral lobe is usually the one in- 
volved but the abscess may be in the opposite lobe, and the lesion is 
sometimes bilateral. 

Metastatic abscesses are single in about 50 per cent of the cases and 
may be amenable to surgical treatment, while 50 per cent are multiple 
and usually hopeless. Single abscesses are most common in the left cere- 
bral hemisphere— fronto-parietal, frontal, parietal, or occipital, in order 
of frequency. The cerebellum is seldom involved. Single abscesses are 
usually large, originate in the white matter and encroach closely upon 
the lateral ventricle. 

An abscess resulting from osteomyelitis may be single or multiple. 
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and is usually situated near or adjacent to the suppurative process in 
the bone. 

Traumatic abscess may be situated in any part of the brain, especi- 
ally when it is associated with a foreign body. The cerebral hemisphere, 
being more exposed to penetrating compound fractures of the skull, is 
more often the site of a traumatic abscess. 

Let us now consider the individual abscesses— namely, temporal, 
frontal, cerebellar, traumatic and metastatic— with regard to their origin, 
symptoms and diagnosis. 

Temporal Lobe Abscess 

Abscesses occur more frequently in the temporal lobe than in any 
other part of the brain. It is secondary, as a rule, to otitic infections and 
its presence may be recognized either before or after a mastoidectomy 
has been performed. A common picture is that of a patient wh6 has had 
a chronic, purulent discharge from the ear for a long time, or, mas- 
toidectomy has been performed and the patient is not doing well after- 
wards. The wound does not heal completely or as well as it should. 
There is a continuation of foul-smelling purulent discharge from the 
ear, or the discharge may have ceased rather suddenly. Cholesteatoma, 
with necrosis of the dural plate and pathological exposure of the dura, 
may be found. The cortex of the mastoid may be hard and eburnated 
hire ivory, while the bony areas near the dura may be soft and partly 
destroyed by the disease. The abscess may have existed for some time 
and a mastoidectomy may not have been performed. 

The infection spreads from the diseased area in the middle ear along 
the following pathways: 

a. Necrosis and perforation of the roof of the tympanic cavity. An 
extradural abscess may be present. The dura and other meninges become 
adherent to the necrotic bone area and to the brain, and the infection 
spreads directly into the brain substance and an abscess forms. Most 
of these occur in patients between 20 and 40 years of age for the reason 
that the roof of the tympanic cavity is much thinner and more friable 
in adults than in children. The external portion of the wall of these 
abscesses is situated very near the surface, may have a “stalk” connect- 
ing it with the diseased area in the skull, and may even perforate the 
wall spontaneously and discharge large quantities of pus through the 
external auditory canal. 
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b. Infection may extend or spread along the perivascular spaces of 
perforating blood vessels. In such instances the abscess wall is at a 
greater distance (1-3 cm.) from the meninges covering the temporal 
cortex. There may be no gross changes in the cortex. 

c. Purulent thrombosis of the lateral sinus may be followed by 
abscess formation in the temporal lobe, but it is more frequently the 
cause of a cerebellar than a temporal abscess. 

d. ■ The infection may pass through the internal auditory meatus 
but this seldom occurs. Petrositis involving the tip of the petrus is more 
likely to produce meningitis than brain abscess. 

Symptoms and signs of tejnporal lobe abscess: Symptomatology and 
neurologic signs vary considerably with regard to the stage of the devel- 
opment of the abscess. Pain in the ear, later in the head, is one of the 
first symptoms. The pain is located in the temporal region but radiates 
to the frontal and less frequently to the occipital region. It is not called 
a “headache” by the patient, but “pain.” The pain is severe and some- 
times excruciating, so that the patient may cry and moan. In children 
the crying is hard and prolonged and not the sudden short outburst of 
crying observed in well developed meningitis. The pain may be inter- 
mittent or continuous. Seldom does one fail to obtain the history of 
pain if the patient or family is carefully questioned. The pain is due to 
the rapid increase of intracranial bulk resulting from the suppurative en- 
cephalitis accompanied by marked edema. Loss of appetite and vomit- 
ing, not usually associated with nausea, occur early. A mild or severe 
chill, or chilly sensation is experienced early in most cases lasting from 
a minute or two to a half hour. 

The pulse and temperature are elevated at first, more in children 
than in adults. There is no chokingr of the discs or en^orcrement of the 
veins at this time. There is marked prostration; the tongue is coated, 
and there is a foul odor to the breath. During this time, in the first nvo 
or three days, the diagnosis of the true condition is seldom made, though 
it may be suspected. High fever, stiff neck, and the Kemig sign are 
present only when meningitis accompanies the formation of the abscess. 

Should the suppurative area not be limited, the process usually 
extends into the ventricle, meninges, or both, and suppurative leptomen- 
ingitis ensues, followed by death. Should the process be limited, and 
circumscribed and a definite wall be established, the symptoms and signs 
change in character and degree. The pain is not so severe in many in- 
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stances, but may be marked in others. The patient may not complain so 
much of the pain on account of the general diminished sensibility, dim- 
inution of the encephalitis and edema, or both. It is believed to be due 
for the most part to the former, i.e. diminished sensibility, for there is 
still marked increase of intracranial pressure, and the hemisphere con- 
taining the abscess is always much larger than normal. The patient as 
a rule becomes lethargic, stares vacantly, and there is a loss of cerebra- 
tion and attentiveness amounting to a dreamy state. One may gain the 
patient’s attention by sharply spoken words or commands, but soon he 
lapses into an inattentive, listless condition. The temperature ranges 
from normal to 102° F. Although some observers state that the tempera- 
ture is normal, or even subnormal, most of the patients, whom I have 
observed have registered a rectal temperature of between 100 and 102° 
F. No one has satisfactorily explained why the low temperature exists. 
The pulse becomes slow, and may be as low as 45 or 50 per minute or 
less. It may be normal, but not increased, except in complicated cases. 
The respiration rate is also lowered, but is usually regular. 

There is rapid loss of weight. (On recovery, the gain is likewise 
rapid.) The breath is very foul and the teeth are covered with dirty 
yellow material. . 

Paresis of the face on the contralateral side is to be expected, but it 
never reaches the degree of paralysis seen on the homolateral side due 
to the physiological or anatomical interruption of the facial nerve by 
disease or operation upon the mastoid. Only in large abscesses, or in 
those with extensive edema does one observe paresis of the arm of the 
opposite side, and rarely is the lower extremity involved. Sudden hemi- 
plegia of the opposite side is never seen except in instances of suppura- 
tive leptomeningitis or metastatic lesions. 

Aphasia in some form is usually present in lesions of the left tem- 
poral lobe in right-handed patients, and vice versa. The most frequent 
form is anomia— the use of the wrong word. The next most frequent 
type is circumlocution— the inability to name an object though able to 
state its use. Motor aphasia is seldom observed and when it is one may 
know that the abscess is large and extends farther forward than usual. 

Ophthalmological examination usually gives interesting data. The 
pupil may be ddated as a result of pressure on the third nerve. Seldom 
is the nerve completely paralyzed, and then only if rr^eningitis is present. 
There may be paralysis of the sixth nerve with inability to look out- 
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ward, the. nerve involvement being due to highly increased intracranial 
pressure or to concomitant petrous tip involvement. The most constant 
finding is engorgement of the retinal veins, usually more marked on 
the homolateral side. Hemorrhages, fresh and old, may be seen, especi- 
ally in abscesses which have existed for several weeks. Papilledema is 
not observed early but may be marked, 3-5 diopters, by the time the 
patient comes to operation. The amount of swelling of the discs does 
not determine the size of the abscess. If the patient is cooperative, quad- 
rantic or hemanoptic defects may be determined. These are of value in 
localizing the lesion. Astereognosis is often demonstrated in cooperative 
patients. 

The deep reflexes are usually increased, greater on the opposite side. 
The Babinski sign on the contralateral side rnay or may not be present. 
The abdominal reflexes are usually diminished on the opposite side. 

Lumbar puncture often reveals clear fluid under pressure, well over 
200 mm. of water. The cell count may be normal but is usually in- 
creased, 20, 50 or 100 or more per cm. Before encapsulation takes place 
the cells are predominantly polymorphonuclear cells. When the cells 
are predominantly lymphocytes, it is an indication that walling off of 
the abscess has been completed. Although rapid removal of a large quan- 
tity of cerebrospinal fluid may result in a fatality, it is not believed that 
the slow removal of about 2 cc. of fluid through a small needle for diag- 
nosis is ever followed by untoward results. In fact, a careful lumbar 
puncture may at times be of therapeutic value. 

The leukocytic and polymorphonuclear cell counts are increased as 
a rule, the former ranging between 11,000 and 18,000 with an average 
of about 14,000 cells per cm. and the latter from 85 to 92 per cent. 
Only in old chronic well walled-off abscesses is the count not increased. 
Radiographic films may be of some value, especially if a pathological 
e.xposure of dura has occurred. 

\ ou have heard the words “usual” and “likely” repeated. From this 
one can readily infer that all cases do not always present these signs and 
symptoms, especially when first seen- by the neurologic surgeon. The 
patient may be in such profound stupor or coma that no history is 
obtainable from him, and very little definite information can be had 
from relatives or friends. On the other hand, the abscess may be so 
walled-off, benign and innocuous that no sign or symptom is present, 
and the fact that an abscess exists may not be determined except as an 
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incidental finding at autopsy. Such may be the extremes in signs and 
symptoms. 

The abscess may become calcified and give no further trouble. The 
contents may become sterile, the lesion quiescent, and no trouble de- 
velop until the patient sustains a trauma, like a blow on the head. Then 
the abscess may increase in size and rupture spontaneously into the 
meninges or ventricle with fatal termination. One of these complica- 
tions usually arises if the abscess is not successfully operated upon, but 
the patient may survive, ignorant of the presence of a brain lesion of 
any kind and die of other causes. The abscess may rupture spontane- 
ously through the ear, but cure is not likely to be effected by so doing. 
Although death may result from greatly increased intracranial pressure 
which paralyzes the medullary centers, it is more likely to follow sud- 
den rupture into the meninges or ventricle. In the former, death results 
in about 6 or 8 days, and in the latter, within 36 hours. 

Diagnosis: One would be justified in concluding that a diagnosis 
should be made readily and easily after considering the points enumer- 
ated, In some instances this is so, and the diagnosis can be made almost 
as readily as in the ordinary cases of acute gangrenous appendicitis. This 
is not always the fact. At times diagnosis and localization of a brain 
abscess may be extremely difficult— sometimes even impossible. 

Plain stereoscopic roentgenographic films should always be made. 
Air or gas may be present in the abscess cavity so that definite informa- 
tion may be obtained regarding the localization and size of the abscess. 
Shifting of the pineal body can be seen in certain cases. 

Electroencephalograms are very valuable in the localization of cere- 
bral abscesses. They are corroborative, with correct localization in about 
72 per cent of cases. They are of doubtful value in cerebellar abscess. 

When in doubt, one should resort to ventriculograms. Any case of 
temporal abscess which lends itself to operative interference will pro- 
duce displacement and distortion of the lateral ventricles. Ventriculogra- 
phy is preferred to encephalography and is believed to be safer in these 
cases. Accurate localization of the abscess is most important if a suc- 
cessful outcome is to be expected. Indiscriminate exploratory punctures 
with a cannula, or exploratory punctures through an infected field can 
be mentioned only to be strongly condemned. 

Temporal abscess should be differentiated from middle ear disease 
with adjacent edema of the brain, “serous meningitis,” extradural ab- 
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scess, sinus thrombosis, brain tumor, spontaneous subcortical hematoma, 
chronic subdural hematoma, and abscesses in other portions of the brain. 

Frontal Lobe Abscess 

An abscess in the frontal lobe gives rise to the same general symp- 
toms and signs as a well developed abscess in any other part of the cere- 
brum, namely pain in the head, nausea and vomiting, foul breath, pros- 
tration, rapid loss of weight, slight elevation of temperature, slow pulse, 
fundi changes, leukocytosis, findings in the cerebrospinal fluid, changes 
in reflexes, slow cerebration, drowsiness, stupor and coma. 

Localization and lateralization are usually much more difficult than 
in any other abscess. In fact, the neurologic findings may be very- 
meager, almost to the point of being non-existent. When the general 
symptoms and signs of a brain abscess are present in a given case, the 
mere lack of localizing signs would make one choose the frontal lobe 
as the probable site. This is true especially if the abscess is small or has 
reached a very chronic sta;ge. The abscess may be very large, almost 
unbelievably so, and it is only when the abscess or the surrounding 
edema is extensive that lateralization may be determined. As the abscess 
or surrounding edema progresses backward, the two most helpful find- 
ings present are aphasia, when the “dominant” lobe is involved, and 
paresis which the lesion produces. Paresis of the opposite upper ex- 
tremity (weakened grip, etc.) occurs first, followed by that of the lower 
extremity, and last, if at all, of the face. In temporal abscess, the paresis 
is noticed first in the face, then arm, and last, if at all, in the lower 
extremity. Flaccid hemiplegia has never been observed except when the 
abscess has ruptured into the meninges. Rupture into the ventricle will 
otherwise occur before the abscess produces complete hemiplegia. 

Dilatation of the homolateral pupil and unilateral loss of smell are 
of value in determining which lobe is involved. X-ray films of the sinuses 
and the operative site may suggest the side involved, although the ab- 
scess may develop in the frontal pole opposite to the operative site, or 
it may be bilateral. Frequently there is tenderness on percussion. 

In an instance where one has very definite reasons for believing that 
an abscess is situated in a frontal lobe, exploratory puncture is advisable. 
If negative, ventricular puncture for ventriculography can be made 
through the burr hole. Where signs and symptoms are not of lateraliz- 
ing value, ventriculography is preferred. The ventriculograms will show 
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marked compression and displacement of the ventricle backward and 
downward. 


Cerebellar Abscess 

Cerebellar abscess is more frequently found in children and younger 
people than in adults. The abscess is usually located in the lobe adjacent 
to the involved mastoid or lateral sinus or both, is more frequently situ- 
ated in the external portion of the lobe, and is smaller than the usual 
cerebral abscess. Frequently it is the shape of a bird’s egg, with the 
smaller pole directed forward and firmly fixed to the posterior surface 
of the petrus, from whence the infection extends. However, it may be 
centrally located within the cerebellar lobe. 

From the foregoing one can readily understand what the signs and 
symptoms might be. As the abscess increases the size and shape of the 
lobe which it occupies, pressure is made across the midline, resulting 
in displacement of the medulla and brain stem, producing, as a rule, ho- 
molateral pyramidal tract signs, compressiori, and blocking of the aque- 
duct, causing internal hydrocephalus. This results in marked increase 
of intracranial pressure, bilateral papilledema, which may be equal, and 
bilateral frontal headache. Tenderness and pain on percussion may be 
elicited over that portion of the occipital region beneath which the ab- 
scess lies. There is frequently associated soreness and slight stiffness of 
the neck, more on the involved side than on the opposite. Nystagmus 
toward the affected side is usually observed. 

Diagnostic lumbar puncture must be done with great care. Thera- 
peutic lumbar punctures are banned. For relief of pain, ventricular 
puncture through a burr hole over the homolateral anterior horn is 
easily accomplished and should be done in every case. In most cases of 
cerebellar abscess observed by the author the patients were stuporous 
or in coma. Following ventricular puncture the mental condition clears 
up almost immediately and the severe pains are relieved. During this 
procedure air can be readily substituted for the cerebrospinal fluid and 
ventriculograms should be made. These will show the degree of the di- 
latation of the ventricles. On the antero-posterior film the lateral ven- 
tricles will show moderate symmetrical dilatation, and the third ven- 
tricle will appear dilated and in the mid line. On the postero-anterior 
view the posterior horn on the involved side will be smaller than that of 
the opposite side. This is due to the pressure exerted from below up- 
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ward by the increased size of the involved cerebellar lobe, the pressure 
being transmitted despite the intervening tentorium. In labyrinthitis this 
does not hold true; therefore, ventriculograms are valuable in differen- 
tiating between these two conditions. Aqueduct obstruction will also be 
demonstrated. 


Traumatic Brain Abscess 

Traumatic brain abscess may follow various kinds of trauma such 
as punctured wounds of the skull and brain, compound fractures of the 
skull and gunshot wounds. The abscess may develop rapidly and show 
definite evidence of its presence in two or tliree weeks. It may form 
many weeks, months or years after the original injury. In a small punc- 
tured wound of the skull, dura and brain, the infection is carried di- 
rectly into the brain, and the production of an abscess is due to direct 
implantation. This process may liltewise follow extensive compound 
fractures of the cranial vault, but if the original wound is properly 
treated, and sulfanilamide is used, the subsequent formation of a brain 
abscess should be rare. Compound fractures of the base of the skull are 
much more liltely to produce meningitis than abscess. 

In some cases the original wound may have been sutured and well 
healed externally, only to be followed several weeks later by signs and 
symptoms indicating development of an abscess. Simple depressed frac- 
tures sometimes involve the mastoid and the frontal sinus and ethmoids 
in the fracture lines, allow release or spread of pre-existing infection 
from these structures into the fracture lines, and thus open pathways 
to the brain followed by abscess formation. 

Associated with partial avulsion of the scalp, infectious material may 
be ground into the outer table of the gkull, local necrosis of the skull 
may occur, giving rise to an abscess of the brain comparable to one 
complicating osteomyelitis of the skull. 

An abscess may develop spontaneously from latent infection about 
a retained foreign body in the brain many years after its introduction, 
or shortly after removal of a foreign body which was retained for 
many years. In a case observed, a large abscess developed at the site 
from which a piece of knife blade was removed. The piece of knife 
blade measuring 3 14 inches in length with a saw-tooth edge, had been 
in the brain for over 28 years, the longest noted interval in the e.xpe- 
rience of the author. 
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Abscesses may appear early or late in bullet tracks, with or without 
retention of foreign bodies. When the abscess is secondary to a punc- 
tured wound of the brain, compound comminuted fracture with or 
without dural laceration, simple depressed fractures of the skull involv- 
ing the mastoid or nasal accessory sinuses, its location is usually beneath 
and near the site of injury. Pus may be seen discharging through the 
wound, or there may be ho discharge of pus. There is always a con- 
siderable amount of fibrous tissue formation in the structures overlying 
the abscess and the communication may be well walled-off. For th^e 
reasons, this type of traumatic abscess is especially amenable to operative 
interference. Another important bearing on the probable prognosis is 
that the abscess is single in about 90 per cent of the cases. Abscesses 
about deeply retained foreign bodies offer many more difficulties. Trau- 
matic abscesses which do not communicate with the wound, and there- 
fore do not discharge pus, present general symptoms and signs observed 
in cases of any well formed abscess of the brain. Should pus be dis- 
charging from the wound, symptoms and signs will usually be of a 
lesser degree on account of the continuous decompressive effect. 

Metastatic Brain Abscess 

About 50 per cent of these cases are multiple, and therefore in most 
instances are hopeless. In cases of a single abscess, the surrounding edema 
and softening of the brain is more extensive than that present in any 
other form of brain abscess. It is always in the white matter. For these 
reasons earlier rupture into the ventricle, and not into the meninges, 
occurs. A fatal result ensues within two or three weeks in the majority 
of cases. On the other hand, encapsulation may occur, but all of these 
abscesses are large and encroach closely upon the ventricle. The inter- 
vening wall may be so thin that it appears translucent after evacuation 
and inspection of the abscess cavity, and there is grave danger of ven- 
tricular rupture from the ventricle into the abscess cavity if the post- 
operative increase of intraventricular pressure is not controlled by lum- 
bar punctures. 

Since the abscesses are usually in the fronto-parietal, parietal, or 
occipito-parietal regions, localizing signs and symptoms such as hemi- 
plegia, hemianesthesia, homonymous hemianopia and aphasia, are fre- 
quently present and localization is readily made. Operation is performed 
on the sixth or seventh day. 
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Progjwsis is good in all cases of single uncomplicated, well walled- 
olf abscesses. This opinion is not universal, and previous to the last two 
decades, recovery was not expected by physicians or laymen. \Vhen a 
patient recovered, luck was thought to have played a big part. Sir Wil- 
ham Mace wen of Glasgow in his outstanding book “Pyogenic Diseases 
of the Brain and Spinal Cord” published in October 1893, held a dif- 
ferent view and even then stated in one of the concluding paragraphs: 
“One might almost conclude that in uncomplicated abscess of the brain, 
operated on at a fairly early period, recovery ought to be the rule.” 

Treatment: All of the extradural foci should be eradicated. Opera- 
tions upon the mastoid and sinuses, without the use of mallet and gouge, 
should have been completed. Many “brain abscess pictures” will clear 
up, due to the fact that the condition was caused by edema, e.xtradural 
abscess, etc. At present the treatment of the abscess is surgical. Tliis 
statement does not imply that the operation has tcJ be done immedi- 
ately in all cases. With the exception of cases of single acute metastatic 
abscess, it is best that the operation be done after the third or fourth 
week, at which time complete walling-off and encapsulation of the 
abscess is expected. The increase in the cerebrospinal fluid cell count, 
changing of the nature of the majority of cells from neutrophils to lym- 
phocytes, is indicative of better encapsulation. Should operative inter- 
ference be advisable, supportive dehydrating measures should be 
adopted. Blood transfusions may be indicated. Intravenous administra- 
tion of too cc. of 50 per cent solution of sucrose is probably the best 
dehydrating agent. Its dehydrating effect is more prolonged than that 
of glucose; its results are strilcing in some cases of abscesses. It has been 
observed that a change from deep coma to that of clear mentality has 
followed administration of sucrose or glucose and the reverse was true 
when the solution was -withheld. 

When the proper time for operation on a cerebral abscess has been 
determined, the open method is preferred to the closed method of tube 
drains or tapping. With the open operation, advocated by the author 
in 1923 and used by him since that time, the overlying bone, dura and 
corte.x are removed, the bony opening measuring about 2 to 3 cm. in 
diameter. Most abscesses amenable to surgery are situated not more 
than 2 cm., and frequently much less, from the dura. This has been ob- 
ser\'^ed many times at operation and in museums. Through a dural open- 
ing of the size suggested, after removal of the presenting portion of 
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the abscesses wall, the cavity is readily evacuated and inspected. Sec- 
ondary pockets or extensions may thus be detected and dealt with. 
These pockets could not conceivably be drained by tubes through a 
small drain, as is used in the closed method. Slow controlled elevation 
of the floor of the abscess to the level of the skull accomplishes extinc- 
tion of the abscess cavity, prevention of secondary pockets, rupture into 
the ventricle, and meningitis. Sulfanilamide and sulfathiazole gauze is 
used in the cavity. The entire area is healed in from 35 to 6o days. A 
scalp plastic with excision of the scar is done after six months. Cranio- 
plasty-closure of the cranial defect with a tibial graft— has been done 
when a frontal defect requires it for cosmetic and protective purposes. 

I wish to call your attention to the following observations regard- 
ing the use of a drainage tube in cerebral abscesses. In six cases in which 
colleagues have used a tube to drain the abscess, I have oberved that a 
considerable amount of pus had drained out through the tube and the 
patient would improve for 4 or 5 days. Then the surgeon would notice 
that the patient was “not doing so well.” When I was called to see the 
patient and removed the dressing, the end of the tube could be seen 
sticking up above the wound, in some instances with slight herniation 
of the brain and not a bit of pus exuding through the tube. Neverthe- 
less, the patient would be quite ill. I would then be asked to take over. 

With the patient placed on the side and the drainage tube directed 
upward, but still in place, a lumbar puncture was performed and cere- 
brospinal fluid was allowed to escape. Each time, after removal of about 
10 cc. of cerebrospinal fluid, pus began to ooze out through the wound, 
both through and alongside the tube. As more fluid was allowed to 
escape, more pus exuded from the wound. The amount of fluid allowed 
to escape ranged between 35 and 45 cc. By the time this amount of 
fluid had been removed, an enormous outpouring of pus- took place. 
After the opening in the bone was enlarged with rongeurs, and that in 
the dura and the brain cortex by means of electrocoagulation, the mbe 
was removed and exploration of the tract was carried out under direct 
vision. One could then observe that the abscess cavity was partially col- 
lapsed about the tube, leaving three pockets, placed at thirds (or about 
120 degrees) in the circumference of the abscess cavity, so that a cross- 
section of the cavity would somewhat resemble a three-leaf clover. 
These pockets were caused by compression of the brain abscess cavity 
against the tube from three directions, infolding the wall of the cavity 


B7‘am Abscess 


8^7 

in such a manner that three pockets of pus were isolated from the tube 
and from each other. The appearance of the bulging portions of the 
abscess wall against the tube was not unlike that of the tricuspid valves 
viewed from the cardiac side. The valve corresponded to the bulging 
portion of the cavity wall, and the space between the valves corre- 
sponded to the small collapsed space leading to each pocket. The pus 
could not escape through the tube but remained and increased in amount 
in each pocket. Therefore, one could understand why the patient’s con- 
dition became worse four or five days after initial drainage of the abscess 
with a tube had temporarily improved the patient’s condition. 

' After 35 or 45 cc. (varied in the six cases) had been removed, the 
lumbar puncture needle was removed. Sufficient amount of decompres- 
sion of the ventricles had been accomplished, the abscess cavity again 
became wide open so that only one cavity was present, and the pockets 
disappeared. Cross section of the cavity then would have shown it cir- 
cular instead of the shape of a clover leaf. After removal of all remain- 
ing pus, the cavity was completely inspected and found to be similar 
in all respect to a “normal” brain abscess cavity. The cavity was then 
treated in the manner described— iodoform gauze, dakinization, etc.— 
and all six patients made uneventful recoveries. 

The above described phenomenon is offered for the benefit of those 
who use tube drains through a small opening in the skull. The condition 
found might have occurred in cases treated by surgeons in this manner 
and been the cause of death in a number of cases ascribed by them to 
bad operative technique. 

Drainasre tubes are used oiily in cerebellar abscesses where there is 
no ventricle to be considered; where, in the majority of cases, the an- 
terior pole of the abscess is fixed to the infected petrus by adhesions 
which should not be separated and where prolonged drainage of this 
area is proper. Furthermore, no elevation or herniation of the floor of 
the abscess should be permitted on account of shifting or torsion of the 
brain stem and medulla. Preliminary ventricular puncture should always 
be done, pre- and postoperatively if necessary. 

Resxjlts 

Seventy-nine cases of brain abscess of all types, including those of 
metastatic origin, have been obsen^ed since 1920, and a number of 
traumatic abscesses and brain fistulae were observ^ed during the four and 
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one-half year service with the German and American armies in World 
War 1 . A number of these abscesses had been previously operated upon 
or tampered with before coming under the observation of the author. 

Forty-two of these patients survived, and thirty-seven died. Of the 
recoveries, eight were frontal, fifteen were temporal, nine were cerebel- 
lar, six were traumatic and four were metastatic. Two cases recovered 
after gross rupture into the ventricle, with associated meningitis, coma, 
and loss of sphincter control. They are now well. Four of the patients 
who recovered have died subsequently; one frontal a few months later 
of an unknown cause, and the others several years later. One frontal 
died of nephritis, and one in a drunken stupor with negative autopsy 
findings with regard to the operation. One cerebellar died of recurrence 
of the abscess, or formation of another abscess near the same site on 
account of an incomplete operation on the mastoid. The remaining 
thirty-eight are well so far as the abscess is concerned, and are either in 
school or at their usual occupations with two exceptions. Both of these 
were traumatic abscesses which resulted from self-inflicted wounds with 
suicidal intent in demented patients, both of whom are in institutions. 
The four metastatic abscess cases have some residual weakness of the 
operative side, in all of whom complete flaccid hemiplegia had existed. 
These four are otherwise well. The first survivor was operated upon 
2 2 years ago, and the last, a traumatic abscess, was operated upon ten 
months ago. 

Of the thirty-seven deaths, eight were frontal, ten were temporal, 
four were cerebellar, and fifteen were metastatic (3 single and 12 mul- 
tiple). None were traumatic. In three of the early cases in 1920 and 
1921, tube drains were used before the open method was introduced. In 
one frontal lobe abscess, the tube became displaced and in an attempt by 
an assistant to replace it, the drainage tube was placed into the brain sub- 
stance outside the drainage tract; in one frontal, the tube perforated 
the ventricle; and in one temporal, the tube was removed too early and 
a secondary pocket ruptured into the ventricle. Eleven were multiple, 
metastatic, in both hemispheres and were, therefore, hopeless; three 
were large, single, metastatic abscesses in which the dilated ventricle 
ruptured into the evacuated abscess cavity through the thin intervening 
wall before the introduction of lumbar puncture to reduce intraven- 
tricular pressure. Two were acute abscesses, i with blood stream infec- 
tion of staphylococcus aureus, while i patient was moribund and was 
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tapped only to satisfy the family. Six cases were complicated by suppu- 
rative leptomeningitis at time of operation, i bilateral frontal. 

Four were cerebellar; one patient died following mastoidectomy, not 
operated upon for abscess but aspirated after death; one was moribund 
when seen, due to jamming of the conus in the foramen after repeated 
lumbar punctures by one of kind intent but poor judgment, and au- 
topsy revealed rupture of the abscess against the pons; one early case 
in which the wire cone drain was used, and one patient in whom the 
abscess was not drained. One patient with frontal lobe abscess recovered 
from the original abscess and died later from a secondary abscess formed 
from reinfection, or lighting-up of the infection in an improperly op- 
erated frontal sinus. Ventriculograms would have located this abscess. 

Four patients were operated upon according to the method advised 
and should have recovered, but died as a result of mishaps or accidents: 
I temporal, in a six year old girl who died of pneumonia following da- 
kinization and being placed by an open window in the winter time; i 
temporal, in a distant hospital, removed the dressing and tore the brain 
substance by clawing with her fingers; i temporal, well walled-off, in 
a comatose woman who at the time of operation had a temperature of 
104° F. and insufflation pneumonia, due to pouring eggnog down her 
trachea by a kind young nurse (at autopsy, egg and milk were found 
in the lungs) ; and i temporal in an unmanageable coastguardsman, who 
got out of bed on the sixth postoperative day, and the abscess ruptured 
into the ventricle. 

Forty-four patients were operated upon according to the methods 
described, and followed by the management of the case as is now done. 
Of this number, forty survived and four died. Of the four deaths, two 
were due to preventable pneumonia, one to removal of dressing in a 
distant hospital, and tearing of the brain, and one to rupture of the ab- 
scess into the ventricle in a patient who was not controlled, and who 
got out of bed on the sixth day. Several of the earliest cases should hav^e 
recovered had we but known the proper technique and management. 
The remainder were hopeless from the time of the first examination, 
some were moribund, and nvo were dead when first seen. 

In all of the cases which recovered, only one operation was re- 
quired for the cure of the abscess with but one exception. This case was 
one of multiple metastatic abscesses of the left cerebral hemisphere, 
secondary to an infected bone graft incision of the spine, in which case 
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nine separate abscesses were drained by a former assistant, Dr. Frank 
Turney. No patient has had postoperative convulsions except four, and 
these had convulsions before the operation. As experience with these 
cases has increased and early observation of the brain abscess suspect has 
been made, the results have improved. 

The incidence of brain abscess and osteomyelitis of the skull, like 
mastoiditis, has been markedly reduced since the introduction of the 
sulfa drugs. In view of the fact that the vast majority of the brain ab- 
scesses observed in the past were secondary to otitic and rhinogenic in- 
fections, infected scalp and skull wounds and, in metastatic abscesses, 
pleuro-pulmonary conditions, it is possible that our work in these con- 
ditions will become almost extinct. It is possible that the sulfa drugs 
may sterilize the purulent contents of the abscess cavity, dissipate the 
surroundincp edema and render the brain abscess innocuous, so that it 
may remain in situ without doing harm, or be easily extirpated in toto, 
like a rumor. 
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ON A BRAIN LESION CONSTANTLY 

FOUND IN HEAD INJURIES* 

Jose Arce 

Professor of Surgery, Emeritus 
Univeraity of Buenos Aires, Argentina 


pshsssebhshse^hen Dr, Ashford kindly extended me the invitation— for 
K S which I wish to thank him— to participate in the Gradu- 

r Vv S Fortnight on the Disorders of the Nervous System, I 
R 3 was all but compelled to decline. I am far from my 

SasHsaszszsasa usual place of work and, lacking aU of my clinical rec- 
ords here, it would not be easy for me to prepare an address worthy 
of the Academy, which is our host, and of the distinguished audience 
that has met here tonight. But I could not fail to take into account the 
honor which such an invitation implied, coupled with the fact that I 
have but recently been made a Fellow of the Academy, and so I felt 
it was my duty to accept. This, then, is the reason why instead of hear- 
ing the words of Dr. William Cone, who was originally to be the first 
speaker on tonight’s program, you will have to hsten to me, 

I take this opportunity to thank all Fellows of the Academy, and 
all individuals who have been instrumental in having my name added 
to the roster of my eminent colleagues of this Society, for the honor 
thus conferred upon me. 

In accord with the program of this Fortnight, I have selected for my 
brief lecture a subject that follows the line of the topics to be consid- 
ered in the present series of lectures. 

This occasion also affords me an opportunity to render homage, 
once more, to the memory of my disciple and friend, Dr. Manuel 
Balado, whom death has recently torn from our midst when nothing 
led us to suspect that we might lose him, so full of youth and at the 
height of productiveness. 

Together with him, a few years ago, we made some studies on the 
lesions obsen^ed in the brain consequent to violent traumas causing 
immediate or early death of the victim. 

It is in these cases that can be studied the initial lesions caused by 

* Rc.nl October 13, 1942 in the tiftcenth Graduate Fortnight of The Nev,* Vorlc Acadcn'.y of hfrdtcinc. 
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trauma, before they are transformed, changed or obliterated by reason 
of their evolution, as does or may occur when the patient survives a 
few days or is cured. 

However, by their very nature, these accidents fall within the pur- 
view of the police and the judiciary, and consequently, common though 
they be, they are but rarely available for study by workers who are 
exclusively interested in the scientific aspects of the case. Most often, 
such workers have no chance to study medico-legal autopsy material 
until some time has elapsed, long enough to allow the anatomical con- 
dition of the tissues affected by trauma, to be profoundly modified. 

We were fortunate, by special arrangements with the authorities in 
charge of handling such cases, to receive autopsy material, fresh and in 
perfect condition, sometimes no more than one hour or two after the 
death of the victim. This valuable material was immediately fixed in 
formol, and studied with minute care. . 

The histological specimens showed hemorrhages varying in size from 
punctate to hematomas, the size of hazelnuts, and more or less conflu- 
ent; but then they also revealed the presence of fluid separating the cells 
and nerve fibers, and saturating, as it were, the nerve substance. It 
was as if a large quantity of plasma had extravasated. This true acute 
cerebral edema, we believed, caused compression more severe than that 
produced by the extravasated blood, for the simple reason that it affected 
the entire brain, both close to and away from the hemorrhagic areas. 

Study of numerous preparations from different parts of the brain 
and many different accident cases demonstrated to our satisfaction that 
this acute cerebral edema was the real cause of acute cranial hyper- 
tension, and of such intensity as to be able, alone, to cause death of 
the patient. 

This observation explains certain findings which seem paradoxical 
at first sight: patients brought in with skuU fractures and visible injuries, 
presenting a very serious picture, do survive, while others, with neither 
fracture nor visible injuries, die either directly in the accident or shortly 
afterwards. 

However that may be, and I do not propose to examine the patho- 
logical aspects of these cases, one fact emerges conclusively established. 
It is the constant presence, from the first, of severe cerebral edema in 
head injuries, independent of the subsequent evolution of the lesion. 

For the reasons here shown we are as a rule averse to operating on 


Brain Lesion 


patients with head injuries. That is, unless local lesions present special 
and urgent indications for an emergency operation, we prefer treatment 
by absolute rest and prompt removal of the hypertension. 

And how is that to be accomplished, you may ask. This is the 
way: Every eight hours, 20, 25, and 30 cc. hypertonic saline solution, 
let us say, of 20 per cent concentration, are given intravenously. This 
hypertonic saline draws the extravasated fluid into the circulation, drains 
the entire brain, produces decompression, and in this manner effectively 
controls hypertension. 

The treatment may be combined with the classical treatment di- 
rected to decongestion: purgatives or drastic enema, or both at the 
same time, depending on the case in hand. 

For the first we are not interested in finding out whether fracture 
has occurred, because roentgenography requires moving of the patient. 
Nor do we seek to establish whether the cerebrospinal fluid contains 
blood; accordingly we forego lumbar puncture except in cases where 
the symptoms do not yield promptly to intravenous injection of hyper- 
tonic saline. 

Our results from the systematic application of this method have been 
good. On this account we hold that treatment in similar cases should 
consist of absolute rest and cerebral draining by the technique I have 
outlined to you. 

This, in sum, is the anatomical fact which I wanted to bring to your 
attention, especially because it furnishes the basis for an efficacious treat- 
ment available to every physician, when aid of a specialist cannot be 
secured. 

At the outset of this brief address, I felt impelled to recall to you 
the memory of the man who was the first teacher of neurosurgery in 
Argentina, my pupil and dear friend. Dr. Balado. Permit me to add a 
few words. It was he who originated and taught the world the technique 
of ventriculography with iodized oil as radiopaque medium, which 
enables us to appreciate lesions which arc difficult to discern by means 
of ventriculography, using air. And to him we also owe detailed studies 
of the optic paths in their relations to the geniculate bodies and the 
calcarine fissure, as also of the disorders caused by chronic meningitis 
localized about the chiasma. In recent years he devoted concentrated 
study to the electrical currents which can be registered in the cerebral 
cortex. His life was dedicated to studv, obser\'ation and the progress 
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of neurosurgery. 

If I have paid tribute to his memory in your presence, it was also 
with the purpose of showing to the young generation and those who 
disbelieve in the virtue of work dedicated to the furtherance of science, 
how much can be achieved, even in the regions of the human organism 
most difficult of access— if there is the will to contribute a something 
for the benefit of all mankind. 

Sadly we must recognize that peace, justice and freedom are not 
always with us. Yet these are the three conditions essential to elevating 
the level of civilization, threatened as it is today by those who want to 
confound us by boasts that they are our betters because they have the 
brute strength to attain the objects of their ambitions. But for all that, 
we must continue to apply ourselves to our work, for ultimately science 
and civilization will prevail. 
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THE J O A N X A S T E P H E X S 
M E D I C I X E S FOR T TI E S T O X E • 

.1 Faith That Failed 
EDWARD L. KEYES 



“ TIiiti- arc Many cured of Diseases hv tlie T i nairinatinn only: for 
Xatiirc often submit s to the Thoughts and vehemen t Desires oL 
the Soul and, our S nirTts being a ffected , the Body is affected also. ” 

(Words taken from a Treatise on the Stone anj Gravel, 
by John Greenfield, publislioi in 1710: in which year, 
let us assume, Joanna Stcplicns may have heen born.) 


It is an equal honor, <rentlenien, you have done f^lcdicine and invsclf, invithifr ns to 
appetir before you. For myself, let me thank you truly but briefly, for I can not he sure 
that my gratitude is a major interest of yours. And I have scarcely the right to stand 
before you in the name of medicine since .-laiio Domini, the malady no one escapes, lias 
stricken my name from the register of physicians. 

It would, indeed, be more appropriate if I spoke this evening only of that mighty and 
merciful man to whom we owe my presence here. Throughout my life I have watched witii 
awe the lustiness of Sam’s laughter. Like his language it was free and gay beyond anyone 
clse's on the south side of thirty-fifth street in the block where the Swedenborgian church 
■stood, between Park and Le.\ington. I know, for I lived on the north side of thirty-fourth 
street and, on summer evenings, the yards between would echo with a hearty roar to which 
his brothers could retort only with lesser bellowings. ... I have watched him grow more 
purple than the rest of us and tlien falter, as I begin to do, hut all with a Johnsonian 
magnificence and gusto such as, perhaps, you will not see again in the.se ro<jms he loved 
so well. 

He was happy here and I, who know how devoted a bibliophile he was, .sh.ire with you 
the secret tliat laughter and ready expletive were part of his ebullient way of denying 
credit to himself. He was or, may I s.ay, he is of that happy company who have learned 
how to curb to the service of humanity a seemingly boundless masculine vigor. The nio>t 
characteristic yarn about him — pardon me the pleasure of repeating it — tells how a patient 
in the Presbyterian Hospital begged that Dr. Lambert might come to her room and, when 
he came, said, “Doctor, I had to see you. For days I have been listening to you .swe.iring 
so hc.iutifully at the woman in the ne.\t room that I just had to have von in to swc.ir at 
me .a little. I do so need to he cheered up.” 

AVith none of the self-con.-eiousne-'S of Tenny.-on's Sir Galahad, Sam’s .strength •.v.t, a.. 

* Kci.l .\pril 16, 1942, by invitation of the Groiicr Club thronih th; Ltc Dr. SantncI \V. Lanlrr:, at ti'-: 
o;<nin.; of its "Exhtbilion of Hkvs on Healing by Faith, Fraud at. i .''u;.cr-tu.'- n in t'.tt 
and Nineteenth Centuries." arranged by Gertrude I— Annan, in char-c of the Rare i ii-i’.ry 

_ i.n the Library of the .Veademy. The li=l of boo’K* .Oioani a; ;ea.'s :r. tie .Ja'.V.'iu ./ ! -.f 
...raira/ Library .-isseciatien for October 1942. 
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the strength of ten because, for all the flotsam of youth that still found harbor in his talk, 
his heart was pure gold. 

Restless spirit, may you roam eternity as gay and vivid as we knew you here.' 

But we must on with our business, gentlemen. Tlie documents amid whicli j"ou sit are 
medical in a sense, yes, but psychologically they are the history of resurgent error, of the 
hope deferred that maketh not the heart sick. They exhibit humanity in pursuit of tlie 
goddess. Panacea. Throughout history the relation of physician to- patient has been a 
priestly one almost exclusively until, slowly and painfully and against the united oppo- 
sition of tlie senior licentiates of each succeeding generation, man’s skepticism as to his 
own infallibility forced itself to the fore and the human race began to grow up. 

We still have growing pains. Today you will still find plenty of men ready to cast the 
first stone at the scientific method, failing to recognize it for what it is, our only measure 
of precise reasoning. We are far from being adult collectively, however ageing individually. 

Meanwhile, struggling for room to live in a slightly imperfect world, we need Courage 
and Faith; Courage to carry on and Faith when Courage fails. Integrity we need as well, 
I grant, and Charity, the greatest of all, and some would say Hope, though you might 
dispute this; the martyrs to duty show an effective Faith, child of Habit and Hopelessness. 
One needs hope only to get set in one’s habits; we drop our hopes one by one in the 
journey through life and camouflage our loss even to ourselves. 

So here around you are the banners of faiths outworn, the texts printed on them 
rallying cries to forgotten panaceas. Laugh at them gaily as you will but, in the present 
state of our ignorance, do not forget how human they are. The heroes of medicine had 
their panaceas, too. 

* * * 

Tonight let me chat with you about a panacea, a lesser one, the distinction of which 
is that it swept the civilized world for a moment, won a grant from the British govern- 
ment, and initiated a series of cures for the stone that held a place in English pharmacy 
for a century or so. 

When I was a medical student my father used to regale me with' yarns of other days 
in medicine. One of them I never forgot. It concerned Joanna Stephens and the purchase 
by parliament of her secret remedy for the stone. 

When I came to look up Joanna Stephens, for the purpose of writing this paper, I 
found her rather a dim figure but the persons who backed lier were notables. Two of them. 
Hartley and Hales, still linger in the Britannica and have monuments in Westminster. 
The}' were wrong, these men of the XVIII Century, but since there was no cure for their 
stone save an operation more crude than infallible, their wrongheadedness must often have 
brought them greater happiness than right thinking could have donp. ’Tis folly, sometimes, 
to be wise. 

The year was 1737. The Old Style calendar was going out of use in England and 
the fashion of beginning your nouns with a capital letter about to disappear. George II 
was by the grace of God king and Robert Walpole, by the grace of Queen Caroline, prime 
minister. Across the channel Louis XV was beginning his long reign and beyond the ocean 
Benjamin Franklin, from whom we shall hear, was entering his thirties. John Wesley was 
“riding the roads of England.” 

To comprehend the situation you must know, as the contemporaneous world did not, 
tliat a stone in the bladder, as it grows larger, may excite less and less pain. If a fellow 
happens to have no great pain at the outset, his stone may later bother him so little that 
he forgets he ever had a pang. This is not always kept in mind by the doctors of today, 
as witness their surprise at the report of a number of such cases of “silent stone,” as they 
are called, before the French LRological Society in 1918. The patients were seemingly 
healthy footsoldiers without a pain in the world who, after three years in the trenches, 
were delighted to learn that a cloudy urine might qualify them for a stay in hospital. A 
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nimibcr of llioc would-be iii.dingcrcrs were found lo have huge bbiddcr >tone,--. 

So: Jo.inna Stephens is introduced to us by D.ivid Hartley, A.M., i'.U.S. H.irtley is 
known to fame as tlie founder of tlic Knglisli school of Association I’svcbology. Such was 
tlic itnpression be made on his generation that forty years after ids dcatli Samuel Taylor 
Coleridge named his fir.st-l)orn son Hartley. His great work, “Observations on .Man," though 
not [lublishcd until 17t7, was being written when he fell under tlic inliucnce of Joanna. 
Tins was in 1737. Up to 171‘J Hartley practiced medicine (though never an M.D.) in 
I.ondon, and there.after in Hath. When he met .Ioanna he was ;12 years old. .V fevv of his 
prefatory remarks .about lier will give you .a notion of his e.indor. 

“It is now more than a A'ear that I have h.id the usual Symptoms of the Stone in 
tlic IJladdcr, with some Suspicion of that in the Kidncy.s. This made me listen to the 
.\ccounts of .Mrs. Stephens’s Medicines and, ujion inquiring into .some C.i.ses, I was encour- 
aged to try them. I have .since been much more particular in my Inquiries and here oiTer 
ten C.ises to the Puhlick, with an .Vbstract of some ExperimenLs taken from a Journal 
which I kept of them. . . . .\s to myself, I am neither .an Evidence against the .Medicines 
nor for them, cxceiding that since the U.se of them I have voided several angidar Hits 
of Stone in so soft a State as to crumble easily. . . . My design in jirinting these Cases 
and Experiments is to engage the I’ubliek to purchase the Discovery of these .^Ic^iie^nes of 
Mrs. Stephens. She oiTcrs this at Five Thousand Pounds and is re.ady to submit the 
EiTects of the Medicines which she discovers to any Exandnation which Gentlemen of 
Worth and Skill shall propose. It is e.a.sy to see how much concerned 1 am to know wh.it 
these .'ledicines are which I take daily. Hut tlic Henefit which many Person.s have plainly 
received from them in painful and dangerous Ca.ses and my Opinion of their Ellicacy in 
dissolving Stones of the Kidney and IJladdcr would render me incxeu^ahlc, if I did not 
u.se my best Endeavours to make them of general Service." 

The first case cited is that of the Reverend, the Bishop of Batli and Well.-.. Let us 
spare his blu.shes. 

Hartley tells us that Joanna "is the Daughter of a Gentleman of good Estate and 
Family in Berkshire. About twenty Years ago she accidentally met a Receipt for the 
Stone, consisting of Egg-shells dried in an Oven and powdered” — Lime salts for Uie treat- 
ment of stone are first mentioned by Pliny — “but finding it caused great Costivenc.ss, .she 
added a small Quantity of Soap” — and here spoke her geniu.s — “to c.ich Dose, with a view 
both to prevent this Ineonvenienee and to forward the Dissolution of the Stone. . . . .\bout 
twelve Years ago she gave her Powder to one .Mr. Coxon, adding thereto very frctpiently 
h.ilf an Ounce of Soap Decoction. He hail Symptoms of the Stone in the Bladder, voidcil 
many Scales during the L'se of the .Medicines, and received a more rem.irkable Cure th.m 
any Person before him had done. Upon this she gave the Powder and So.ip in still larger 
Do.scs and found them attended with proportionately grc.iter Success." 

“In the Year 1735 the Hon. Edward Carteret, Esq, Po.>tm, ester General, bc-.'an t. iking 
.'Irs. Stephens’s Medicines and received great Benefit from tliem. This eng.iged the .\ttcn- 
tion of the Puhlick and more particularly such as were alllieted with the Gravel or tlic 
Slone, -SO the Number of People who took them increased every Day. In the Year 1737 
the Cii.-es ])erformed by these Metlicincs were .'O many and so well attc.'ted that the 
.'l>ectiy Publication of them was judged to be of great Importance to M.inkind." 

Two years after his first public.ition Hartley was again in print vvith ".V View of 
tlic Present Evidence for and against Mrs. Stcpb.cn.Ts Medicines as a Soivent for tiic 
Stone." This little essay, like its predecessor, seems a masterpiece of c.mdor combined 
witli complete subjection to the prevailing winds of doctrine. The experiments were .-oandly 
concchcd to comji.ire the solvent eilects on bladder .stone.s of (I) w.ttcr. (tl) w.iler con- 
taining Ib.e meilicinc-s, (3) normal urine, .ind (») Hartley’s uri.nc wiiilc he was t..!:ing the 
mctiiclnc.s. The last was far tb.e most c:Tectivc solvent, a result we should .»ttributc to 
its .ilk.dinity and bacterkd content, factors one could x-.ot suspect i.n 1737. Morcovc.-, the 
cxj-crimrntx were c-onllrmcd and cxp.mdcti tiie folIowja.r year by Mor.i:;d in P irU and by 
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the Rev. Stephen Il.-iles, F.R.S., who is remembered as the first experimenter on the plie- 
nomena of tlie blood pressure and who was a botanist of note. (Yet it is for his experiments 
on the Stone that he got his F.R.S.) 

Were there a recording angel for science, these documents would be blotted with his 
tears, so earnest are they in effort, so searching in method (considering the then state of 
knowledge), so human in error. The supporting cases, though, are happy for most of 
them show great improvement during treatment — this treatment now so dead and always 
so disgusting! Drinking three pints of soapsuds a day, no wonder some of the victims 
revolted! Yet among the 152 patients whose cases are reported by Hartley, the 124 who 
seem to have had stone were, about two-fiths of them wholly relieved, two-fifths of them 
improved, and only one-fifth of them unrelieved or unable to stomach the medicines. 

In those da 3 's they took it for granted that one got hard usage from one’s physician. 
For example, twenty grains of calomel with as much jalap was the standard cathartic 
until Hahnemann earned the gratitude of mankind, not by his homeopathy but by his prac- 
tice which spared, man such unwholesome and unnecessary cruelties of physic. Even after 
Hahnemann, the impotence of physic was such that at Bellevue Hospital, in its early days, 
the wards were allotted a pint of whiskey a day per patient. 

But I stray from my Joanna. Subscriptions were solicited toward the desired £6,000 
and when these fell short, the list of subscribers was published, headed by the names of 
two bishops, an earl, the Rev. Stephen Hales, and Lady Betty Germaine, and ending witii 
two physicians and the Duke of Kent. There were 187 names, down for £1,400. 

But Joanna held out for her five thousand and since, following publication, subscrip- 
tion was not stimulated, parliament was petitioned in her name and, a year later, an act 
was passed providing “a Reward for Joanna Stephens, Spinster, upon proper Discovery 
made by her for the Use of the Publick of the Medicines made by her for the Cure of 
the Stone.” 

The committee of thirty appointed to pass upon the efficacy of the treatment included 
three archbishops, the Lord Chancellor, the Chairman of the House, six physicians and 
three surgeons, among them the leading stonecutters of the day, natural antagonists to 
the method. 

The committee met the day it was appointed. Before them appeared four persons to 
testify that, having suffered the s}Tnptoms of the stone, their bladders had been searched 
by several qualified persons and the stone touched. Then they had taken the Stephens medi- 
cines for a number of months, had been relieved of their symptoms after passing (in all 
but one instance) fragments of stone and, thereafter, had been searched and no stone 
found. Twice the preliminary attestation as to the presence of stone and, for the lot of 
them, the final attestation that stone was no longer present, had been made by members 
of the committee. Stronger evidence of cure, personal and professional, could not be had. 

You who complain of j'our hospital fees will be interested to know that the final exam- 
ination of two of the witnesses was made at Child’s coffeehouse in St. Paul’s churchyard. 

Thereupon the committee, having received from Joanna a description of the drugs and 
their manufacture and use, certified that “we have examined the said Medicines and are 
convinced by experiment of the Utilitj’', EflScacj'' and dissolving Power thereof.” Two metic- 
ulous members of the committee dissented as to the dissolving power, not as to the utility 
and efficacj'. 

So the £5,000 was paid to Joanna and her disclosures published in the Gazette. It tlius 
appeared that, beyond a few charred herbs, there was no secret, only the soap and lime 
water. So, to support their faith and to prove their prowess, scientists gave battle as to 
the relative merits of the lime obtained from sea-shells and that from limestone and 
whether suds from Alicante soap were or were not preferable to those had from Castile. 
(Soap had been used in England but a century and the best still came from Spain.) Then 
followed the modifications, the “lixivia” of Hartley, of Hales, of Whytt, of Justin. 

Within five years the treatment assumed quasi-official form in “An Essay on the 



DECEMBER I 942 


83.9 


Virtues of Lime Water in tlie Cure of the Stone,” by Robert Whytt, M.D., F.R.S., presi- 
dent of the Edinburgh Royal College of Medicine. He prescribed an ounce of soap and 
three pints of limewater a day. Of the soap he said pleasantly that not only is it “endued 
with a considerable Power of dissolving the Stone but likewise it will destroy all acid 
Humours of the Stomach and Guts and contribute greatly to keep the Belly easy and 
prevent Costiveness that might otherwise be occasioned by the Lime Water.’? 

Meanwhile, in 1744, the prime minister, Robert Walpole, died miserably of an undiag- 
nosed retention of urine. During his illness he had the misfortune to pass some gravel and 
so escaped from his surgeon, Ranb 3 ', long enough to permit Dr. Justin to make him a bit 
more miserable with lixivium and to draw from Ranby two priceless vituperative letters 
that recount the last illness and autopsy of the victim. Twelve j^ears later Horace Walpole, 
brotlier to the minister (and not tlie epicure of Strawberry Hill) died peacefully with 
stone, though perhaps not of it, after having ijublished in the second edition of Whytt an 
account of Iiis “cure” by soap and limewater. They do say that when he wa^ “opened,” as 
tlie phrase was, the three stones found in his bladder were quite small. 

Experiences of this sort plus publication of tiie mystery dissipated the novelty and 
threw doubt upon the infallibility of the cure but the faith of true believers remained un- 
shaken. The last publication of David Hartley on tlie remedies seems to have appeared iii 
1746, the second edition of a Latin essay, reviewing the subject and citing, among others, 
six cases, puzzling to him, of persons whose symptoms had been relieved by the treatment, 
but who stillTiad the stone. But Hartley was still enthusiastic over the grit that passed 
from his bladder in this, the ninth year of medication and expressed the hope that, with 
God’s help, his sjTnptoms, though not j'et greatly diminished, would soon cease. They did 
after another ten years. 

How helpful the creed was and how it withstood the' factual shock is expressed by such 
contemporar}’’ authors as I have unearthed. When Edward Carteret died of apoplexy in 
1743 he had twice been reported, as we would saj', practically well, so the two stones they 
found in his bladder probably gave him little pain. 

In Blackrie we read of a young shoemaker seven years a martyr to the stone who, 
between November 1756 and June 1767 ingurgitated 17 pounds weight of soap and 1500 
pounds of limewater and “in three or four months after he began his Course found himself 
as easy as any Person who was never troubled with the Stone . . . and tho’ when dismissed 
from the Hospital he forbore the Use of these Medicines and lived at large, eating plenti- 
fully of Salt and acrid Food which he was fond of, yet notwithstanding about three or 
four months afterwards . . . upon searching, the Stone was found in his bladder.” 

Perhaps as sagacious a comment as one encounters at this period is that of Benjamin 
Franklin who, in 1752, writes his brother, a stone man as Benjamin himself was later to 
be, “I have read Whytt on Lime Water. You desire my thoughts on what he says. But 
what can I say? He relates Facts and Experiments and these must be allowed good if not 
contradicted by other Facts and Experiments.” 

Joanna’s fame must have persisted for much of her lifetime. The steps in its decline 
are a bit vague. The bigbugs doubtless took over and, like Whytt, emphasizing the lime- 
water and using the soap, dimmed her luster. Leroi d’Etiolles has a good word for Joanna 
in 1825 and Sir Henry Thompson, one of the fathers of the modern school, mentions 
her in 1888. 

# * « 

But I have held you too long by the stony roadside of my beloved profession. To you, 
no doubt, what interest the story has is the confusion of motives we sense in Joanna and 
her followers. Was she anything more than a charlatan dazzled by the wonders of the soap- 
ing she gave the world? We do not know. And Hartley, how much did he get of tlie Five 
Thousand Pounds? We do not know. And the Rev. Stephen Hales, how did that lucid mind 
come to assent to the prevailing hysteria? Again, we do not know. And why Whj’tt “On 
Lime Water”? 
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Our scientific education has progressed much in the two centuries since Joanna flour- 
ished. Yet speed in transit and physical rather than intellectual illumination are all that 
most men have to sho\v for this. We are better informed than our ancestors but we liave 
less time to digest our information. The mob of men, even the mob of men of letters, 
remain uneducated because matters of moment and matters of the moment are not iden- 
tical'. We look outward, seeking novelty. Man is imprisoned in the external present. 

These last words are Gilbert Murray’s. Let me quote the paragraph in the Religio 
Orammatici in which they appear. 

“Man is imprisoned in the external present and what we call a man’s religion is, to a 
great extent, the thing that offers him a secret and permanent escape from that prison; 
a breaking of the prison walls that leaves him standing, of course, still in the present but 
in a present so enlarged and enfranchised that it is become not a prison but a free world. 
. . . And a scholar, 1 think, secures his freedom by keeping hold always of the past and 
treasuring up the best out of the past, so that in a present that requires resignation or 
courage he can call back the spirit with which brave men long ago faced the same evils. 
, . . The Psalms, turned into strange languages, their original meaning often tost, live on 
as a real influence in human life. ... I know the figures in the tradition may be unreal, 
their words may be misinterpreted, but the communion is quite a real fact and the student, 
as he realizes this, feels himself one of a long line of torchbearers. He attains that which 
is the most compelling desire of every human being, a work in life which is worth living 
for and which is not cut short by the accident of his own death.” 

Let me add a thought implicit in Sir Gilbert’s words. By his lifelong devotion to his 
work the student draws to himself unselfish friendships, friendships the intensity and self- 
lessness of which no other human relation affords. 

» * » 

In the rather mixed tale you have listened to this evening, gentlemen, certain persons 
have been named to you who may have shared such joys. Franklin, surely; Hales, probably; 
Hartley, possibly; these had the scholar’s creed. Excepting Franklin, we' know little of their 
lives but tliey lived in the happy dawn' of science, undistracted by the onrushing plane or 
by the iteration of radio or press. They possessed, more fully than- we can hope to, a 
moment of peace after labor, that peace which the busy world filches from us. 

Enviously I stand here tonight and, looking into your lives, see there this panacea, the 
scholar’s creed, calculated to serve you a longer term of years than did the Joanna 
Stephens’ medicines in their day. To each of you, kind sirs, it is my earnest wish that you 
live long and that this, your faith, abide with you. 




* 


Your Christian faith I have not the hand to touch nor the wit to argue. We are all 
aware that our doubting generation carries its investigations into Natural Theology only 
so far as to echo the most misleading words that Francis Thompson ever wrote: 

“I dimly guess what Time in mists confounds; 

Yet ever and anon the trumpet sounds 
From the hid battlements of Eternity. 

Those shaken mists unsettle, then 

Round the half-glimpsed turrets wash again.” 
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